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ABSTRACT 
 Engaging in science practices integrated with content facilitates deeper learning of 
science and is called for by new reforms. Supporting this science learning requires complex 
teaching that is not common in U.S. classrooms. Given this complexity, beginning elementary 
teachers need support in learning to engage students in science practices such as constructing 
evidence-based claims about natural phenomena. A practice-based approach to teacher 
education, focused on making teaching practice core to professional learning, has been suggested 
to support beginning teacher development. This approach has shown potential in supporting 
secondary science teachers’ learning, yet little is known about how it might support preservice 
elementary teachers’ learning over time.  
 This dissertation addresses this gap by investigating the change in preservice teachers’ 
teaching practices and knowledge for supporting elementary students in constructing evidence-
based claims during a practice-based elementary teacher education program. Using longitudinal 
qualitative methodology, this study drew on video-records, lesson plans, class assignments, and 
surveys from one cohort of 54 interns enrolled in a two-year coherent practice-based teacher 
education program. A subset of five focal interns was followed closely throughout the program.  
 The preservice teachers grew in their ability to support elementary students to construct 
evidence-based claims incrementally by adding components of the teaching practice over time. 
Specifically, the teachers typically developed the ability to support students to analyze data 
 xv 
earlier than they developed the ability to support students to justify their claims. However, they 
faced challenges during student teaching in consistently supporting students to construct 
evidence-based claims. These challenges may be due to the removal of scaffolding in the face of 
the complexity of fulltime teaching. 
 The findings highlight the potential of a coherent practice-based approach to teacher 
education. For example, the preservice teachers seemed to draw on courses from across the 
program in developing their teaching practice. These findings also provide new insights into how 
teachers learn a teaching practice over time and the factors that influence this learning, such as 
tools for planning science lessons. The analyses underscore the need for development of and 
research on tools and scaffolds that might continue to support beginning teaching over time.
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CHAPTER 1 
INTRODUCTION 
 Engaging students in science practices integrated with science content facilitates deeper 
learning of science and is called for in new reforms. One example of a science practice is 
constructing evidence-based claims of natural phenomena. This practice involves both the 
identification of claims based on patterns and relationships revealed through analysis of the data, 
and the justification of claims with evidence and reasoning (National Research Council, 2012). 
Elementary students are capable of constructing evidence-based claims of natural phenomena, 
but students struggle with aspects of this science practice. For example, students often struggle to 
justify their claims with sufficient evidence or reasoning (e.g., Songer & Gotwals, 2012). These 
struggles suggest that students need support to learn to construct evidence-based claims, yet 
providing this support is complex and atypical in U.S. classrooms (Banilower et al., 2013).  
 In providing support for constructing evidence-based claims of natural phenomena, 
teachers face many challenges. Specifically, teachers may not have the knowledge, abilities, 
beliefs, and teaching practices required for supporting their students. Teachers’ probable lack of 
prior experience with this type of learning as students themselves in the U.S. educational system 
can make it difficult for them to envision this work (cf. Lortie, 1975). Beginning elementary 
teachers, in particular, face additional challenges, as they are responsible for teaching multiple 
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subjects and must develop deep knowledge and practices across multiple disciplines (e.g., 
Appleton, 2007). Despite the need for elementary teachers to learn to teach content from a range 
of disciplines, there is a lack of emphasis on science in U.S. elementary classrooms compared 
with other subjects (e.g., mathematics, language arts). This lack of emphasis can reduce 
beginning  teachers’  opportunities  to  learn  to  teach  science.  Thus,  beginning  elementary  teachers  
need support to learn how to facilitate the vision of science learning in new reforms, including 
supporting students to construct evidence-based claims. This highlights the importance of 
understanding how teachers might develop this teaching practice and corresponding knowledge 
to engage students in constructing evidence-based claims over time, a process about which little 
is known. This dissertation attempts to help fill this gap through exploring how new teachers 
learn to do this work in a practice-based approach to teacher education. 
 To support teachers in learning to teach, a practice-based approach that emphasizes doing 
the work of teaching along with developing knowledge for teaching has been suggested. A 
practice-based approach draws on pedagogies of professional teaching practice (e.g., 
representing the practice through discussing video-records or lesson plans of exemplary 
teaching) (Grossman, Compton, et al., 2009). These pedagogies of professional practice facilitate 
learning of a set of high-leverage practices (e.g., the practice of supporting students to construct 
evidence-based claims) and the corresponding knowledge for teaching. This approach to teacher 
education  has  shown  potential  to  support  secondary  science  teachers’  learning  over  several  years 
(Thompson, Windschitl, & Braaten, 2013). Studies have considered how this approach might 
support elementary teachers in the context of one science course, yet none have explored how a 
practice-based  approach  could  facilitate  elementary  teachers’  learning  over  time  in  a  coherent 
extended learning experience. In addition, more information is needed on how individual 
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elementary teachers, with their specific experiences, knowledge, and orientations, might develop 
their teaching practice throughout such a coherent practice-based teacher education program.  
 To  address  these  gaps  in  the  literature,  this  dissertation  aims  to  further  the  field’s  
understanding  of  how  preservice  teachers’  practice  and  knowledge  for  teaching  elementary  
science changes over the course of a coherent two-year practice-based elementary teacher 
education program. Focusing on one science teaching practice, supporting students to construct 
evidence-based claims of natural phenomena, this study considers how a cohort of 54 preservice 
teachers (called interns in this study) learned this teaching practice and associated knowledge 
over two years. The  study  also  examines  the  pathways  of  individual  interns’  learning  during  the  
two years. Use of a longitudinal qualitative methodology allows for close analysis of how a 
practice-based approach might support the development of a teaching practice over time. This 
close analysis also enables a description of the pathways teachers might take in learning to 
facilitate students to engage in science practices integrated with science content. 
 I frame this dissertation with the following analytic questions: With regard to supporting 
elementary students to construct evidence-based claims about natural phenomena, 
(1) How  do  the  interns’  practice  and  corresponding  knowledge  change over time in a practice-
based teacher education program? Specifically, I ask, 
What characterizes the science knowledge for teaching, teaching moves, and quality of 
support  in  the  interns’  planning  for  and  enactment  of  the  teaching  practice  at  particular  
time  points  in  the  program?  How  do  these  aspects  of  the  interns’  teaching  practice  and  
knowledge change over time? 
 (2) How do interns describe how and why their knowledge and practice for supporting students 
to construct evidence-based claims changed over time? Specifically, I ask, 
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How do the interns describe the changes in their science knowledge for teaching, 
teaching moves, and quality of support for this teaching practice? 
How do the interns describe why these aspects of their teaching practice and knowledge 
change over time?  
 I decompose the teaching of supporting students to construct evidence-based claims into 
the subpractices of (1) analyzing data to reveal patterns and relationships and (2) justifying their 
claims with evidence and reasoning. I examine the entire  cohort’s teaching subpractices and 
knowledge for supporting students to construct evidence-based claims at several time points in 
the  program.  The  analysis  of  the  entire  cohort’s  teaching  practice  and  knowledge  across  these  
time points enabled a description of the change over time. I also examine several subcases by 
following closely a set of interns from the cohort (called focal interns) by selecting purposefully 
five interns to represent a possible range of knowledge, practice, and experiences that interns 
may have in the program (Miles, Huberman, & Saldana, 2014). Data sources include course 
assignments, program-level surveys and assessments, and video-records of enactments of lessons 
during student teaching with approximately 300 lesson plans and 20 hours of video. The focal 
interns participated in several interviews during their second year in the program. These 
interviews focused on how interns describe their learning of teaching practice and knowledge. 
 The analyses suggest that preservice teachers grew in their ability to support elementary 
students to construct evidence-based claims incrementally by adding components of the teaching 
practice over time. Specifically, the teachers typically developed the ability to support students to 
identify patterns in the data earlier than they developed the ability to support students to justify 
their claims. However, they faced challenges during student teaching in consistently supporting 
students to construct evidence-based claims. The individual trajectories of the focal interns also 
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varied, and this variation seemed connected to the different experiences of the interns prior to 
and during the teacher education program.  
 Findings from this study extend and refine the field’s  understanding  of  how  elementary  
science teachers learn over time. The study makes theoretical contributions to understanding 
learning to teach elementary science as practice integrated with content, extending other studies 
that illuminate the complexity of the teaching called for by new reforms (Erduran et al., 2004; 
McNeill, 2011; NGSS Lead States, 2013; Thompson et al., 2013). Describing the change in 
knowledge and teaching practice across two years in a coherent, practice-based program 
highlights the possible pathways for learning to teach and what challenges may exist in learning 
to teach. This can provide additional empirical evidence for the hypotheses and theories for 
supporting  preservice  teachers’  learning  as suggested by a practice-based approach (e.g., Ball & 
Forzani, 2009; Grossman, Compton, et al., 2009). The study has methodological implications for 
how to study the learning of teaching practice over time in a practice-based program. Finally, 
these findings also have implications for informing the design of learning opportunities for 
teachers to facilitate the improvement of their education and their students.  
 In  Chapter  2,  I  present  a  review  of  the  literature  on  supporting  elementary  students’  
engagement  in  science,  elementary  teachers’  learning to support science learning, and the 
practice-based approach to teacher education. I elaborate on the sociocultural and situated 
perspective used in this dissertation. Chapter 3 describes the study design and methods used. 
This chapter outlines the context, participants, methods, and analysis used for the dissertation. 
Chapters 4, 5, 6, and 7 describe the findings from the analyses. In particular, Chapter 4 examines 
the  entire  cohort’s  learning  in  the  subpractice  of  supporting  students  to  analyze  the data to reveal 
patterns and relationships, whereas Chapter 5 focuses on the subpractice of supporting students 
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to construct claims justified by evidence and reasoning. In Chapter 6, I consider the change in the 
cohort’s  knowledge  for  teaching  this  science practice. In Chapter 7, I describe the trajectory of 
the individual focal interns. Chapter 8 discusses these findings in light of the research and 
provides implications of the study.   
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CHAPTER 2 
LITERATURE REVIEW AND THEORETICAL FRAMEWORK 
 This chapter describes the theoretical frames and empirical research that inform this 
dissertation. I begin by defining practice to provide clarity for my use of this word in science and 
teaching throughout the dissertation. Then, I review the literature in science education and 
teacher education to highlight the challenges of learning to teach elementary science in the 
context of the Next Generation Science Standards (National Research Council, 2012; NGSS 
Lead States, 2013). I also outline how this dissertation defines the teaching practice of supporting 
students to construct evidence-based claims of natural phenomena by drawing on the empirical 
and theoretical literature. Next, this chapter focuses on practice-based teacher education and its 
possibility to support preservice teacher learning. Finally, I provide my theoretical framework of 
how people learn, drawing on a sociocultural and situated cognition perspective.  
What is Practice? 
 This study uses an understanding of science as practice and teaching as practice. Because 
the word practice is used in many contexts with different meanings, I begin by defining how I 
use the word practice in this dissertation. I draw on Lampert’s (2010b) four meanings of 
practice. First, Lampert (2010b) explains how practice is often conceived as “that which 
contrasts with theory” (p. 3), with a definition of “the active practical aspect considered in 
contrast to or as the realization of the theoretical aspect’” (Oxford English Dictionary as cited in 
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Lampert, 2010b, p. 3). In contrast to this view that practice opposes theory, practice and theory 
can be seen as intertwined in an  “adaptive  expertise”  that  allows  for  the  use  of  “theory-in-action”  
(Hammerness et al., 2005; Schön, 1983). In this view, rather than positioning practice in 
opposition to theory, theory informs practice and practice informs theory in such a way that the 
practitioner draws on both practice and theory in the actions they take (Shulman, 1998). My 
research takes the view that theory and practice are intertwined in the work of learning, teaching, 
and  “doing  science.”  Given  this  view,  I  will  not  regularly  refer  to  practice  as  contrasting  to  
theory in this manner.  
A second meaning of practice is as in  “a collection of practices.”  Lampert (2010b) draws 
on  the  definition  from  the  Oxford  English  Dictionary  of  “a  habitual  way  or  mode  of  acting;;  a  
habit,  custom;;  something  done  constantly  or  usually;;  a  habitual  action”  (p.  5).  When a 
professional does certain tasks regularly to perform his work, these tasks can be called a 
collection of practices (Lampert, 2001, 2010b). I use this definition of practice to describe a 
collection of practices that teachers engage in, and to describe the collection of practices enacted 
by scientists. 
Third, Lampert (2010b)  considers  the  verb  “to  practice”  in the context of learning to 
teach. Drawing on a definition of practice as “the  doing  of  something  repeatedly  or  continuously  
by way of study; the exercise in any art, handicraft, and so forth, for the purpose with the result 
of attaining proficiency”  (Oxford  English  Dictionary  in  Lampert, 2010, p. 26), this meaning has 
the  synonyms  of  “to  rehearse” or “to train.” For example, a group of prospective teachers may 
role-play as a teacher many times when learning to elicit student ideas (Ball, Sleep, Boerst, & 
Bass, 2009; Grossman, Compton, et al., 2009) or children may repeatedly engage in observations 
of an aquarium to learn how to make scientific observations and to understand more about the 
interactions in the aquarium.  
The  fourth  meaning  Lampert  provides  is  “the  carrying  on  or  exercise  of  a  profession  or  
occupations”  (p.  9).  Lampert  draws  on  Cook  and  Brown’s  (1999) definition of practice  as  “the  
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coordinated  activities  of  individuals  and  groups  in  doing  their  ‘real  work’  as  it  is  informed  by  a  
particular  organizational  or  group  context”  (p. 386 as cited in Lampert, 2010b). The nature of the 
profession or practice is culturally defined by working with others to consider common problems 
as they share, define, and accomplish the goals of the work in a community of practice 
(Grossman, Wineburg, & Woolworth, 2001; Lampert, 2010b; Wilson & Berne, 1999). This 
fourth meaning is used throughout this dissertation as I consider how learners move toward 
becoming a member of a community of practice, such as the practice of teaching or practice of 
science. Table 2-1 provides  Lampert’s  second,  third,  and  fourth meanings of practice with 
examples from teacher education and science education. 
Table  2-1:  Lampert’s  Second,  Third,  and  Fourth  Meanings  of  Practice  with  Examples  from  
Teacher  Education  and  Science  Education 
 Lampert’s  Meaning  of  
Practice 
Learning Teaching Examples Learning Science Examples 
2 A collection of practices A set of high leverage 
practices used in teaching 
such as eliciting student ideas 
and explaining content 
A set of science practices used 
to discover and communicate 
about natural phenomena such 
as constructing evidence-based 
claims and collecting and 
analyzing data 
 
3 To practice: to rehearse; 
doing something 
repeatedly to study it 
A beginning teacher rehearses 
a lesson in front of peers; a 
novice teacher repeatedly 
works on explaining science 
content in appropriate ways. 
A graduate student rehearses 
what she will share in a 
presentation; an elementary 
students repeatedly works on 
constructing evidence-based 
claims. 
 
4 The carrying on of a 
profession 
The profession of teaching The community of biologists 
 
Learning Elementary Science as Practice Integrated with Content 
 This section describes my theoretical understanding of science as practice, including 
learning through integrating the practices of science with the content ideas of science as called 
for by new reforms. This section focuses on a particular science practice (Lampert’s  second  
definition) by considering how scientists engage in the practice of evidence-based claims and 
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how science education describes the goals for elementary students to engage in constructing 
evidence-based claims of natural phenomena. Finally, I describe the abilities and challenges of 
elementary students to meet these goals and the support that can be provided to do this work.  
Science as Practice: New Goals for Science Education 
Science is both a body of knowledge that represents current understanding of natural 
systems, and the process whereby that body of knowledge has been established is being 
continually extended, refined, and revised. Both elements are essential: one cannot make 
progress in science without an understanding of both. (National Research Council, 2007, 
p. 26) 
This quote defines science as the human endeavor of trying to understand and explain natural 
phenomena in the  world.  As  time  has  progressed,  people  involved  in  science  are  able  to  “account  
for a wider range of natural phenomena or to account with greater precision for some of those 
previously  known”  (T. S. Kuhn, 1996, p. 66) as they seek an objective understanding of the 
world that results from work in a particular time and place (Pickering, 1995). One engaging in 
science needs an understanding of this body of knowledge to extend, refine, and revise this 
knowledge (NRC, 2007), including the disciplinary core ideas and cross-cutting concepts of 
science (NGSS Lead States, 2013; NRC, 2012). However, engaging in science also involves 
participation in the process of establishing this knowledge (NRC, 2007), which I view as 
participation in the culture of science practices. 
 Viewing the process of science as active participation in science practices pushes against 
the perspective of science as a single, lock-step method completed in a rigid, orderly fashion. 
Rather, this view of science highlights both the social aspect of making sense of natural 
phenomena and the iterative, interconnected nature of the practices used by the scientific 
community (Latour, 1999; Longino, 2002; Pickering, 1995; Rudolph, 2000; Schwab, 1962). For 
example, to investigate the changes in a forest, a multi-person team with different expertise may 
come together. This team uses the tools and representations of their professions to make sense of 
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the data. They engage in practices such as data collection, representing data, constructing 
explanations, and posing new questions in an iterative process (e.g., they might return to collect 
more data after initial theorizing of ideas) (Latour, 1999). At the same time, communication and 
discussion  of  one’s  work  allows the team to engage in the practice of argumentation with other 
scientists, where multiple perspectives and views exist and are considered (Latour, 1999; 
Schwab, 1962). This engagement in the practices of science facilitates adding to, refining, or 
revising  the  science  community’s  understanding  of  forests (Latour, 1999; NRC 2007). In this 
example, we see the social nature of science as the individuals interact with one another and use 
tools to co-construct meaning (Vygotsky, 1978). Likewise, the example shows the 
interconnected, recursive nature of scientific practices, where science involves iteratively 
returning to different science practices throughout the process of trying to understand a 
phenomenon (Bell, Bricker, Tzou, Lee, & Van Horne, 2012; Latour, 1999; NRC, 2007, 2012; 
Windschitl, Thompson, & Braaten, 2008).  
 New reform documents underscore the importance of having students learn the practice 
of  science  integrated  with  science  content.  Although  a  vision  of  facilitating  students’  learning  of  
the processes of science in K-12 classrooms is not new (Dewey, 1900; Schwab, 1962), this new 
reform underscores active participation in the practices of science (NGSS Lead States, 2013; 
NRC, 2012). This new reform chooses to use the word practice instead of skills “to  emphasize  
that engaging in scientific investigation requires not only skill but also knowledge that is specific 
to  the  each  practice”  (NRC,  2007,  p.  40).  The  new  reform  also  moves  away  from  the  term 
inquiry used in other documents (National Research Council, 1996, 2000) because of the many 
interpretations of this term. Through engagement in these practices integrated with specific 
content, students learn how science knowledge develops, and they develop understanding of the 
body of knowledge accepted by the community of scientists (i.e., the disciplinary core ideas and 
cross-cutting concepts) (NGSS Lead States, 2013; NRC, 2012). Thus, the goal for science 
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education, including elementary science, is to facilitate the development of the ability to engage 
in active participation in the practices of the community of scientists.  
 By setting new goals for elementary science education, this vision also sets new goals for 
elementary science teaching. Although elementary students are capable of engaging in this work 
of integrating content and science practices in learning about natural phenomena, students 
require support and guidance to learn science in this way (Lehrer & Schauble, 2006; Metz, 1997; 
Songer & Gotwals, 2012). Supporting students to learn science practices integrated with science 
content is complex, and teachers take on a variety of roles that require a large repertoire of 
knowledge and teaching practices (Abell, 2007; Crawford, 2000; Lehrer & Schauble, 2010; 
McNeill, 2009; National Research Council, 2007) However, the complex teaching involved in 
supporting this type of learning does not often happen in U.S. classrooms, suggesting that 
teachers need to learn new abilities and knowledge to engage students in this work (Banilower et 
al., 2013; Forbes, Biggers, & Zangori, 2013).  
Focusing on a Specific Practice: Constructing Evidence-Based Claims 
 To further illustrate how science involves participation in science practices and what 
elementary  students’  participation  in  practice  might  entail,  I  zoom  in  on  a  specific  science  
practice: constructing evidence-based claims. In this section, I consider how scientists engage in 
this science practice and decompose my definition of this science practice in elementary 
classrooms.  
  How Scientists Engage in Constructing Evidence-Based Claims. The active 
participation in the  practice  of  science  (Lampert’s  fourth  definition) involves the science 
practices  (Lampert’s  second  definition)  of investigating natural phenomena, collecting and 
analyzing data, constructing explanations of the phenomena, and engaging in communication 
and argumentation about the findings in an iterative, interconnected process (Bell et al., 2012; 
 13 
NRC, 2012; NGSS Lead States, 2013). Part of this work of investigating natural phenomena 
involves taking data collected through direct observation or the use of tools, and working 
through multiple representations that summarize the data to move toward identifying a claim that 
fits the evidence seen in the data (Latour, 1999; Mayr, 2004; Popper, 1972). This process of 
identifying claims involves starting with data collected from direct observation or models of the 
phenomenon of interest. Then, the scientist recursively distills and interprets the data using 
representations to analyze the data, making claims that summarize the expansive data collected. 
Because of the social nature of science, this process is done in conversation with others and 
drawing on the tools and knowledge of the community. For example, in investigating a forest, 
scientists may start with individual samples of the soil and plant-life from locations in the forest 
and work through multiple representations that first describe the individual samples and, then, 
identify patterns in the sample to arrive at claims about the data. Along the way, the scientists 
discuss their thinking with one another and draw on tools of the field (Latour, 1999). Thus, 
constructing evidence-based claims involves analyzing and interpreting the data in order to relate 
the data to the claim.  
 Constructing an evidence-based claim about a natural phenomenon also involves 
justifying  one’s claim in the complex interaction of theory, data, and evidence in science (Duschl 
& Osborne, 2002; Latour, 1999; Popper, 1972). As a scientist analyzes data and identifies a 
claim, the individual also needs to simultaneously consider and argue how the evidence 
sufficiently and appropriately fits the claim and belongs in the theories of the discipline (Hudson, 
1986; T. S. Kuhn, 1996; Latour, 1999; Popper, 1972; Willson, 1987). This work involves 
considering why other refuting claims do not fit the data collected (Popper, 1972) and providing 
a logical argument for  why  this  particular  claim  best  fits  the  data  (see  Toulmin’s  (2007) 
discussion of logical arguments). For example, whereas a scientist considers the patterns found 
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from analyzing soil samples and tries to identify claims, this scientist also deliberates on 
alternative claims about what may be occurring in the soil, weighs the sufficiency of the 
evidence for a particular claim, and consistently considers how this work fits in with the theories 
of the discipline and their own initial hypothesis (Latour, 1999). This construction of evidence-
based claims enables the scientist to extend and refine the body of knowledge of the 
phenomenon in question.  
 Constructing Evidence-Based Claims in Elementary Science. The science practice of 
constructing evidence-based claims involves collecting, analyzing, and interpreting data to 
identify patterns and relationships central to answering the investigation question. The data can 
be analyzed through representations (e.g., tables or graph) or through mathematical and 
statistical computation (Lehrer & Schauble, 2004; Lunsford, Melear, Roth, Perkins, & Hickok, 
2007; NGSS Lead States, 2013; NRC, 2007, 2012; Wu & Krajcik, 2006). Data analysis entails 
studying and determining the nature and relationship of the parts. Data interpretation requires 
explaining the meaning of this analysis (Rivet, 2014).  
 Although collecting data is an important component of science investigations, I focus on 
the sense-making involved when using collected data to construct an evidence-based claim and 
not the data collection itself. Thus, I draw on these goals for elementary students for analyzing 
and interpreting data from  NGSS:  (a)  “use  observations  (firsthand or from media) to describe 
patterns and/or relationships in the natural and designed world(s) in order to answer scientific 
questions  and  solve  problems,”  (b)  “represent  data  in  tables  and/or  various  graphical  displays  …  
to reveal patterns that indicate  relationships,”  (c)  “analyze  and  interpret  data  to  make  sense  of  
phenomena, using logical reasoning, mathematics, and/or computation,”  and  (d)  “compare  and  
contrast data collected by different groups in order to discuss similarities and differences in their 
findings”  (NGSS Lead States, 2013, Appendix F, p. 9). To answer an investigation question, a 
scientist  might  “look  for  patterns,  significant  features,  relationships,  trends,  and  anomalies”  in  
their data (Rivet, 2014, p. 38, cf. Latour, 1999, Poppler, 1978). In elementary classrooms, 
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students might do similar work in the service of moving from data collection to construction of 
evidence-based claims, such as noting patterns and relationships (e.g., the patterns between 
weather and changing seasons, the interactions of living things in an ecosystem); comparing 
groups (e.g., comparing plants and animals; noting different characteristics of phases of matter), 
and comparing predicted results to actual results (Rivet, 2014; NGSS Lead States, 2014). These 
different possibilities for analysis and interpretation of the data are included in my conception of 
analyzing data to construct evidence-based claims.  
In addition to analyzing data to reveal patterns and relationships, constructing evidence-
based claims is also connected to explanation of scientific phenomena. Science education has 
used three types of explanation: explication (e.g., providing definition for terminology, 
describing the procedure or strategies for problem solving), causation (e.g., giving the simple 
cause-effect for an event), and justification (e.g., argument construction using claim and 
reasoning) (Braaten & Windschitl, 2011), yet the NGSS emphasizes explaining causes of a 
phenomenon  using  “a  claim  that relates how a variable or variables relate to another variable or a 
set  of  variables”  (NGSS Lead States, 2013, Appendix F, p. 11). This practice of explanation 
involves describing the “how” and “why” of a phenomenon to allow the construction of 
knowledge (Berland & McNeill, 2012; Braaten & Windschitl, 2011; Osborne & Patterson, 
2011). For example, a high school student may explain how and why a phenomenon occurs (e.g., 
the implosion of a tank due to a change in pressure) with a full causal story relying on powerful 
science ideas (e.g., kinetic molecular theory) (Braaten & Windschitl, 2011). In an elementary 
school setting, NGSS has identified goals such as the following: (a)  “construct  an  explanation  of  
observed  relationships  (e.g.,  the  distribution  of  plants  in  the  back  yard),”  (b)  “use  evidence  (e.g.,  
measurements, observations, patterns) to construct or support an explanation or design a solution 
to  a  problem,”  and  (c)  “identify  the  evidence  that  supports  particular  points  in  an  explanation”  
(NGSS Lead States, 2013, Appendix F, p. 11). Each of these three goals is incorporated into my 
conceptualization of constructing evidence-based claims in elementary classrooms.  
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In addition to explanation, constructing evidence-based claims requires justification of 
one’s  claims,  an  aspect  of  scientific  argumentation. NGSS underscores that argumentation 
involves  “the process  for  reaching  agreements  about  explanations”  (NGSS Lead States, 2013, 
Appendix F, p. 13). This work involves understanding why one claim is stronger than other 
claims, as  well  as  persuading  others  of  one’s  claim  (Berland & McNeill, 2012; NRC, 2012; 
Osborne & Patterson, 2011; Reiser, Berland, & Kenyon, 2012). For example, students might be 
involved in a consensus discussion of deciding which claim is appropriate for the data provided 
and of persuading others of  one’s  view (Reiser et al., 2012). In describing the work involved in 
scientific argument, the science education field has drawn on multiple perspectives (Berland & 
McNeill, 2012; Bricker & Bell, 2008; Osborne & Patterson, 2011). Many have drawn on 
Toulmin’s  (2007) framework for thinking about argumentation (e.g., Bell, 2000; Berland & 
McNeill, 2010; Erduran, Simon, & Osborne, 2004), but others have pushed for considering other 
frameworks of argumentation from areas such as the learning sciences and science studies 
(Bricker & Bell, 2008). In this dissertation, I consider these goals for argumentation for 
elementary students, as highlighted in the  NGSS:  (a)  “compare and refine arguments based on an 
evaluation of the evidence presented,”  (b)  “identify  arguments  that  are  supported by evidence,”  
(c)  “distinguish  between  explanations  that  accounts  for  all  gathered  evidence  and  those  that  do  
not,”  (d)  “analyze  why  some  evidence  is  relevant  to  a  scientific  question  and  some  is  not,”  (e)  
“construct  and/or  support  an  argument  with  evidence, data, and/or a model,”  and (f)  “use  data  to  
evaluate  claims  about  cause  and  effect”  (NGSS Lead States, 2013, Appendix F, p. 13).  
The science practices, including analyzing data, constructing explanations, and scientific 
argumentation, co-occur as scientists work to make sense of data and construct meaning in an 
iterative process (Bell et al., 2012; Berland & McNeill, 2012; NRC, 2007, 2012; Reiser et al., 
2012). For example, Reiser and colleagues (2012) describe how the two practices of constructing 
explanations and argumentation depend on each other and state, “For students to practice 
explanation  construction,  they  must  engage  in  argumentation”  (p. 1). Likewise, the practice of 
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analyzing data facilitates the ability to identify the claims to construct explanations and engage in 
argumentation. Thus, in elementary classrooms, mirroring the practice of science, constructing 
explanations, analyzing data, and argumentation overlap in constructing evidence-based claims 
where claims are identified from analysis of the data to make sense of a phenomenon and 
justification is used to support the claim made (Berland & McNeill, 2012; Osborne & Patterson, 
2011; Zembal-Saul, McNeill, & Hershberger, 2013). Thus, this study considers this process as 
one science practice with individual components. 
A Definition of Constructing Evidence-Based Claims in Elementary Science. Figure 
2-1 shows my theoretical understanding of the components of constructing evidence-based 
claims in an elementary setting. The science practice of constructing evidence-based claims is 
split into two subpractices: analyzing the data to reveal patterns and relationships and making a 
claim justified by evidence and reasoning. To analyze the data to reveal patterns and 
relationships, a learner needs to (a) organize the data to reveal patterns and relationships, (b) 
interpret the organized data to identify the patterns and relationships, and (c) share and justify 
one’s  thinking  about  the  patterns and relationships. Then, to make a claim justified by evidence 
and reasoning, the same learner would (d) identify appropriate and accurate claims based on the 
patterns in the data, (e) coordinate evidence to back up the claim, (f) link evidence to the claim 
with reasoning or scientific principles, and (g) communicate a constructed evidence-based claim 
about the natural phenomenon in a logical structure. All of this work is integrated with the 
specific science content (i.e., the disciplinary core idea and/or crosscutting concept) that is the 
focus of the evidence-based claim. The lines in the model describe the connections that exist 
between these decomposed pieces of making evidence-based claims. Interpreting data and 
analyzing the data facilitates the identification of a claim. Considering the justification of  one’s  
thinking about a claim enables the identification of the appropriate reasoning and evidence. 
Bringing together the claim, evidence, and reasoning allows students to communicate a 
constructed evidence-based claim in a logical structure. The pieces identified are a combination 
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of the practices of analyzing data (a, b, c), constructing explanations (c, d, e, f, and g), and 
argumentation (d, e, f, and g) as described by the NGSS.  
 
Figure 2-1: Theoretical Framework of the Science Practice of Constructing Evidence-Based 
Claims 
  
 Learning the components of constructing evidence-based claims in elementary 
classrooms seems to occur by adding complexity over time (Berland & McNeill, 2010; Zembal-
Saul et al., 2013). For example, a learner may first learn to align evidence with claims and then 
move to provide evidence and reasoning to justify their claims (Berland & McNeill, 2010). 
Supporting the progressive movement toward more complex work in constructing evidence-
based claims helps students to develop their understandings and practices over time (Berland & 
McNeill, 2010; NRC, 2012). Given the progression that students take in learning the practices of 
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science, using reasoning in evidence-based claims may not be expected in lower elementary 
grades, yet these students are capable of naming reasoning in particular cases as described in the 
next section (Berland & McNeill, 2010; NRC, 2012; Metz, 2000; NGSS Lead States, 2013; 
Zembal-Saul et al., 2013).  
 Supporting Elementary Students’  Engagement in Constructing Evidence-Based 
Claims. Despite the common assumption that elementary children cannot engage in constructing 
evidence-based claims (NRC, 2012), several studies have shown that elementary students can 
engage in the work of constructing evidence-based claims, yet they do need support to do this 
work (e.g., Herrenkohl, Palincsar, DeWater, & Kawasaki, 1999; McNeill, 2011; Metz, 2000; 
Songer & Gotwals, 2012). Likewise, students can draw on their nascent abilities to do this work, 
including everyday engagement in observing natural phenomena and persuading others (Bricker 
& Bell, 2008; Eberbach & Crowley, 2009). Thus, a goal of supporting student learning to engage 
in evidence-based claims is appropriate for elementary science. 
Despite their ability to do this work, students often struggle with the complexity of 
constructing evidence-based claims about natural phenomena. Learners may not have access to 
the theoretical and epistemological knowledge to construct evidence-based claims. Students 
struggle to coordinate evidence with claims in scientific explanations and argumentation (e.g., 
Keys, 1999; D. Kuhn, 1989; Sandoval & Millwood, 2005). In addition, including the reasoning 
that connects claim to the evidence or connects thinking to theoretical understandings of a 
specific discipline is also challenging. Even after learning about the importance of reasoning or 
providing backing  for  one’s  thinking, some students continue to struggle to include it in their 
written science explanations of phenomena (Bell, 2000; Beyer & Davis, 2006; McNeill, 2009; 
Sandoval & Millwood, 2005). Likewise, students struggle with making and understanding 
representations that would support their ability to analyze data to reveal patterns and 
relationships (Garcia-Mila & Andersen, 2007; Keys, 1999; Lehrer & Schauble, 2004; Lunsford 
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et al., 2007; P. Shah, Mayer, & Hegarty, 1999). Thus, learners face many challenges in 
constructing evidence-based claims, pointing to the need to support students in this work. 
 Supporting Students to Construct Evidence-Based Claims. Many types of supports have 
been used to support students in engaging science practices including constructing evidence-
based claims. Variations  in  teachers’  support  for  explanations  show  differences  in  students’  
ability to do this work (Erduran et al., 2004; Lizotte, McNeill, & Krajcik, 2004; McNeill, 2009; 
McNeill & Krajcik, 2009). This suggests that the type of support matters in the opportunities 
created for student learning.  
 To support students in science practices, teachers can provide opportunities for the 
students to engage in a practice with increasing levels of complexity and authenticity over time 
(Berland & McNeill, 2010; Lehrer & Schauble, 2010). Tools such as sentence stems, charts, and 
physical resources facilitate student work and interaction with one another around the practices 
(Bell, 2000; Zembal-Saul et al., 2013). Students also need support to understand how, when, and 
why to use particular practices (NGSS Lead States, 2013). Learners require guidance to 
understand how the practice connects to the disciplinary ideas being learned (NGSS Lead States, 
2013; NRC, 2012).  
 Drawing on my theoretical framework for the science practice of constructing evidence-
based claims in elementary classrooms, I decompose the teaching practice of supporting students 
to construct evidence-based claims of natural phenomena into two subpractices, supporting 
students to analyze the data to reveal patterns and relationships and supporting students to make 
claims justified by evidence and reasoning (See Figure 2-2). I break down these subpractices into 
smaller components. The subpractice of supporting students to analyze the data to reveal patterns 
and relationships includes supporting students to analyze the data and supporting students to 
share their thinking about the pattern. The subpractice of supporting students to make a claim 
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justified by evidence and reasoning can be decomposed into supporting students to use a logical 
structure to justify their claims and supporting students to make a claim. In a manner similar to 
the way Ball and colleagues (2009) describe components of the practice of leading a classroom 
discussion, I theorize these subpractices and their components as decomposed pieces of the 
practice of supporting students to construct evidence-based claims.  
 These subpractices for the teaching practice align with the components of the science 
practice as seen in Figure 2-2. The subpractices of the teaching practice of supporting students to 
construct evidence-based claims are indicated by dark gray hexagons, and their components are 
the light gray rounded rectangles. The elements of the science practice of constructing evidence-
based claims are indicated by the gray rectangles. This teaching practice requires coordination 
with  one’s  science  knowledge  for  teaching,  signified  by  the  large  gray  box  in  Figure  2-2. In the 
following sections, I consider ways in which teachers can support students in the science practice 
of constructing evidence-based claims with increasing complexity, facilitating knowledge of how 
and why to engage in this science practice, and providing tools for engagement for each of the 
subpractices.  
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Figure 2-2: The Teaching Practice of Supporting Students to Construct Evidence-Based Claims.  
 Supporting Students to Analyze the Data to Reveal Patterns and Relationships. The 
first teaching subpractice is supporting students to analyze the data to reveal patterns and 
relationships, which includes the components of supporting students to analyze the data and to 
share their thinking. Supporting students to analyze the data is linked to the science subpractices 
of organizing data to reveal patterns and relationships and interpreting the organized data to 
identify the patterns and relationships. These science subpractices are indicated by the light gray 
rectangles in Figure 2-1 and Figure 2-2. To support students in these components, a teacher can 
facilitate the selection of appropriate representations that organize data to answer the 
investigation question (McDiarmid, Ball, & Anderson, 1989; P. Shah et al., 1999; Wu & Krajcik, 
2006). Other teaching moves include explicitly discussing features in a representation, linking 
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the investigation to the data, and highlighting inconsistencies in the data (Herrenkohl et al., 1999; 
D. Kuhn, 1989; Lunsford et al., 2007; McDiarmid et al., 1989; McNeill & Krajcik, 2009; White 
& Frederiksen, 2000; Wu & Krajcik, 2006; Zembal-Saul et al., 2013). Tools such as graphs and 
charts can facilitate this work for learners in the same way they do for scientists (cf. Latour, 
1999; Lunsford et al., 2007; P. Shah et al., 1999). Discussions of why and how analyzing the 
data leads to evidence-based claims and providing a clear rationale for using a representation 
may  facilitate  learners’  development  of  knowledge  for  this  science  practice  (Herrenkohl et al., 
1999; cf. Latour, 1999; Lunsford et al., 2007; Wu & Krajcik, 2006). 
 A second component of the subpractice of supporting students to analyze the data to 
reveal patterns and relationships is supporting students to share their thinking, which facilitates 
students’  ability  to  justify and share their thinking about the pattern. This is another science 
subpractice (c) in a light gray rectangle in Figure 2-1. This teaching subpractice may involve 
teaching moves such as probing student thinking to facilitate students to make their thinking 
about patterns visible, or having student consider alternative ideas about the patterns (Reiser et 
al., 2012; Zembal-Saul, 2009; Zembal-Saul et al., 2013). To engage students in the process of 
justification, teachers may provide tools like verbal prompts such as, “Why  do  you  think  that?”  
or even facilitate students to use these prompts with one another (Herrenkohl et al., 1999; 
Zembal-Saul et al., 2013). Several studies point to the small-group and whole-class opportunities 
to  discuss  ideas  and  consider  one  another’s  claims  as  key  steps  in  students’  development  of  
evidence-based claims (Berland & Reiser, 2009; Erduran et al., 2004; Herrenkohl & Cornelius, 
2013; McNeill, 2009). These discussions facilitate sense-making about the natural phenomenon 
as  students  try  out  their  thinking  and  build  on  one  another’s  thinking  (Berland & Reiser, 2009; 
Herrenkohl et al., 1999).  
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 Supporting Students to Make a Claim Justified by Evidence and Reasoning. The 
second teaching subpractice is supporting students to make a claim justified by evidence and 
reasoning. As seen in Figure 2-2, this subpractice involves two components supporting students 
to: (a) use a logical structure to justify their claims and (b) communicate a claim. The first 
component facilitates elementary students in identifying the claim, evidence, and reasoning—
three science subpractices indicated by the light gray rectangles in Figure 2-1 and Figure 2-2. 
One tool to support this work is  an  application  of  Toulmin’s  (2007)  framework  for  
argumentation. The application of this framework involves students using a claim-evidence-
reasoning  framework  such  as,  “I  think  ___  (claim).  I  think  this  because  I  have  seen  or  done____  
(evidence). I know  this  because  ___  (reasoning)”  (McNeill, Lizotte, Krajcik, & Marx, 2006; 
Zembal-Saul et al., 2013). Students’ use of written or verbal scaffolding around this framework 
has been shown to be productive in helping learners develop evidence-based claims (Bell, 2000; 
McNeill, 2009; McNeill et al., 2006; Sandoval & Millwood, 2005; Songer & Gotwals, 2012). 
 Other teaching moves that can provide students with the support to understand a logical 
structure for evidence-based claims have been identified and include (1) modeling how to make 
an evidence-based claim, (2) discussing a framework for evidence-based claims, (3) connecting 
to everyday use of arguments, and (4) using appropriate and accurate scientific language 
(Avraamidou & Zembal-Saul, 2010; Beyer & Davis, 2008; Lizotte et al., 2004; McNeill, 2009, 
2011; Reiser et al., 2012; Zembal-Saul et al., 2013). Providing a rationale for having a claim, 
evidence, and reasoning can support students’ knowledge development of why to engage in the 
science practices and  improve  students’  engagement  in  the  science  practice  (Lizotte et al., 2004; 
McNeill & Krajcik, 2009; Zembal-Saul et al., 2013). McNeill and Krajcik (2009) describe how 
students of teachers who did not provide a rationale for the components of evidence-based claims 
did not perform as well as students who were provided a rationale. In addition, Herrenkohl and 
Cornelius (2012) describe a set of supports teachers and researchers drew on to develop 
 25 
elementary students’  ability to justify their claims as part of the epistemic work involved in 
learning about natural phenomena. The authors describe how the supports and teaching moves 
included discussing how claims need evidence, asking students to consider alternative claims, 
and considering what evidence is used in making the claim (Herrenkohl & Cornelius, 2013). 
 The second component of the subpractice of supporting students to make a claim justified 
by evidence and reasoning is supporting students to communicate an evidence-based claim. To 
support this communication, a teacher may provide opportunities for students to share claims 
with the class and to receive feedback for their claims (Erduran et al., 2004; McNeill, 2009). This 
fourth component aligns with the science subpractice of communicating an evidence-based claim 
about natural phenomena as represented in Figure 2-1 and Figure 2-2. Support for this 
communication  may  involve  facilitation  of  writing  and  speaking  one’s  claim.  This  also  allows  
for multiple claims to be considered and built on in constructing understanding of the 
phenomenon (Berland & McNeill, 2010; McNeill et al., 2006; Songer & Gotwals, 2012; Zembal-
Saul et al., 2013). Tools such as shared representations of thinking, prompts or graphic 
organizers  for  writing,  and  scaffolded  questions  have  been  used  to  support  students’  engagement  
in communicating their claims (Herrenkohl & Cornelius, 2013; Songer & Gotwals, 2012). For 
example, supporting students to take on questioning roles focused on linking theory and evidence 
seemed to facilitate complex discussions of how to develop science theory (Herrenkohl et al., 
1999). 
 Another strategy for supporting the communication of claims is providing feedback. 
Students can receive feedback from the teacher or classmates on how they are able to support 
and defend their claims (Herrenkohl & Cornelius, 2013; Herrenkohl, Tasker, & White, 2011). 
Using rubrics can facilitate making these expectations of evidence-based claims clear and allow 
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for directed feedback (Bismack, Arias, Davis, & Palincsar, 2015; Zembal-Saul et al., 2013). This 
feedback promotes continued improvement in their development of the practice and in their 
thinking about the practice (Black & Wiliam, 1998; Herrenkohl et al., 1999; White & 
Frederiksen, 2000).  
Supporting Students to Do the Intellectual Work. Underlying each teaching subpractice 
of supporting students to construct evidence-based claims is the assumption that students will do 
the intellectual work involved in analyzing the data and justifying their claims with evidence and 
reasoning. Research suggests that teachers often do not give students the opportunities to be 
cognitively engaged in sense-making (Pasley, Weiss, Shimkus, & Smith, 2004; Stein, Grover, & 
Henningsen, 1996). Without these opportunities, students have less opportunity to develop their 
own understanding of the science practices and content involved in the lessons (Blumenfeld, 
Kemplar, & Krajcik, 2006; National Research Council, 2007; Stein et al., 1996).  
In the case of supporting students to construct evidence-based claims, several examples 
exist  of  teachers  providing  support  in  ways  that  decrease  the  students’  involvement  in  the  
intellectual work. These examples include naming justification for students rather than pressing 
students to justify their responses with reasoning and evidence, lowering expectations by 
minimizing the scientific ideas involved, and not allowing students to communicate and consider 
one  another’s  ideas  (Beyer & Davis, 2008; Forbes et al., 2013; McNeill, 2009). A teacher might 
give students the answer to the investigation question or problem, removing the motivation and 
thinking required to engage in the investigation, analyze the data, and construct an evidence-
based claim (Forbes et al., 2013; National Research Council, 2000, 2007). Similarly, Blumenfeld 
and Meece (1988) describe how not expecting students to assume an active role in the learning, 
asking few or no students to justify their thinking, and asking questions that focus on 
memorization can lower cognitive engagement in science classrooms. However, the evidence 
suggests that when students are supported to do the work of constructing evidence-based claims 
themselves, they are capable of this work and develop more connected understandings of science 
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practice and content (Berland & Reiser, 2009; Herrenkohl et al., 1999; McNeill, 2009; Songer & 
Gotwals, 2012). Thus, this teaching practice requires giving students the opportunity to engage in 
the intellectual work of the science practice integrated with science content.  
Summary 
In conclusion, science involves active participation in science practices to extend, add to, 
and refine the body of knowledge regarding natural phenomena. Science education sets a goal 
for students to engage in these science practices integrated with science content. In one science 
practice, constructing evidence-based claims, scientists make sense of data to identify and justify 
their claims. Science education reform has identified engaging in this practice as a goal for 
elementary students. Elementary students can construct evidence-based claims, yet this science 
practice poses challenges for learners. Thus, elementary students need support. A set of teaching 
moves for the teaching practice of engaging students in this work have been identified, but using 
these moves in classrooms is challenging, complex work that does not often happen in U.S. 
classrooms. This suggests that teachers need support to learn how to facilitate student 
engagement in the science practice of constructing evidence-based claims.  
 
Learning to Teach Elementary Science 
 Because of the complexity of supporting students to engage in science practices 
integrated with science content as described in the previous section, this section considers the 
challenges involved in learning to teach elementary science in this way. Then, I focus on how 
these teachers learn to support elementary students in constructing evidence-based claims to 
underscore the challenges and potential in this work.  
The Challenge and Complexity of Learning to Teach Science 
Teaching itself is complex work. Teachers coordinate interactions with content, students, 
and contexts as well as between students and content and across time and environments (Ball & 
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Forzani, 2009; Cohen et al., 2010; Grossman, Hammerness, & McDonald, 2009; Hawkins, 1974; 
Lampert, 2001). The complexity of teaching makes learning to teach complex and challenging. 
Many have highlighted the challenges that beginning teachers face in general (Ball & Forzani, 
2009; Dewey, 1965; Feiman-Nemser & Buchmann, 1985; Grossman, Hammerness, et al., 2009) 
and in specific subject areas (Davis, Petish, & Smithey, 2006; Grossman & Thompson, 2008; 
McDiarmid et al., 1989). Elementary teachers face additional complexity in teaching as they are 
expected to be experts in each subject area (Appleton, 2007). 
Given the complexity and challenge of learning to teach, Feiman-Nemser (2001) 
suggested a continuum of learning to teach starting with entering a teacher education program, 
continuing through induction, and extending into the years of teaching in classrooms. Learning 
to teach occurs over time through work in classrooms, professional development, and interacting 
with the teaching community (e.g., Arzi & White, 2008; Grossman et al., 2001; Lampert, 2001; 
Wilson & Berne, 1999). However, this study will focus on the first phase in the continuum of 
learning to teach: the work done as a preservice teacher.  
Learning to Teach Elementary Science 
Helping students learn science as science practices integrated with science content creates 
complexity and challenge in learning to teach elementary science. Learning science in this 
manner is different from how elementary teachers were taught (Lortie, 1975), making it difficult 
to envision how to teach science aligned with the new standards. Beginning science teachers face 
other challenges, including understanding the content and disciplines of science (e.g., the 
disciplinary core ideas, crosscutting concepts, and practices of science), understanding learners 
(e.g., that students may have alternative ideas about a concept), understanding instruction (e.g., 
productive strategies for supporting student learning), understanding learning environments (e.g., 
how to use curriculum materials), and understanding professionalism (e.g., appropriate ways to 
interact with parents and colleagues) (Davis, et al., 2006). Likewise, science in elementary 
classrooms is not often emphasized during teacher education programs or seen as a priority in 
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elementary learning, which creates additional challenges to learning (Banilower et al., 2013; 
Bianchini & Brenner, 2010; Marx & Harris, 2006).  
These challenges create difficulties for prospective  science  teachers’  ability  to  design  and  
enact productive learning opportunities for students in science. For example, beginning teachers 
who do not know aspects of disciplinary core ideas may struggle to make productive decisions 
about which representations of the content to provide (Davis & Petish, 2005; McDiarmid et al., 
1989). Likewise, a struggle to understand how learning occurs may result in an inability to notice 
and respond to the needs of one’s  students  (Anderson, Smith, & Peasley, 2000; Davis, 2006). 
These challenges in beginning teaching highlight the importance of considering how to support 
this learning.  
Despite the challenges, these beginning elementary teachers have potential for learning to 
teach reform-oriented science. For example, beginning teachers may have sophisticated ideas 
about science instruction yet struggle to use these ideas in their practice (Davis et al., 2006). 
With support, preservice teachers can develop practices that support student learning of science 
(Bryan & Abell, 1999; Davis & Smithey, 2009; Forbes & Davis, 2010b; Nelson, 2011; Zembal-
Saul, 2009; Zembal-Saul, Blumenfeld, & Krajcik, 2000). For example, preservice teachers can 
adapt science lessons to be more reform-aligned (Forbes & Davis, 2010b; Zembal-Saul et al., 
2000). These and other examples suggest that preservice teachers can learn to support student 
learning of science if they themselves are given support.  
Research  has  documented  teachers’  successful  ability  to  implement  reform-oriented 
science during their first years of teaching in elementary classrooms; however, variation in the 
beginning  teachers’  ability  to  implement  reform-oriented science also exist (Avraamidou & 
Zembal-Saul, 2005, 2010; Bianchini & Brenner, 2010; Forbes & Davis, 2010a; McGinnis, 
Parker, & Graeber, 2004). This variation appears to be connected to many factors, including the 
individual’s  beliefs,  knowledge, and orientations; mentors’  knowledge  and  beliefs;;  the  context  of  
the school; and supports during induction (Bianchini & Brenner, 2010; Forbes & Davis, 2010a; 
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Luft et al., 2011a; Roehrig & Luft, 2006).  The  beginning  teachers’  prior  experiences and learning 
in teacher education programs also seem to influence their practice. For example, Avraamidou 
and Zembal-Saul (2010) describe how learning opportunities focused on evidence and 
explanation during university  courses  may  have  influenced  a  teacher’s  ability  to  use  appropriate  
science language in her classroom teaching. These studies  on  beginning  teachers’  success  point  
to the need for meaningful learning opportunities during their preparation.  
Research into science preservice education suggests several possible avenues for 
providing meaningful learning opportunities (Davis & Smithey, 2009; Schwarz, 2009; Zembal-
Saul, 2009). For example, emphasizing scientific argumentation, curriculum materials, and 
student thinking facilitated the development of a range of useful supports and learning 
opportunities for preservice teachers (Davis & Smithey, 2009; Zembal-Saul, 2009). Examples of 
supports are well-designed curriculum materials and the development of criteria for analyzing 
curriculum materials (Beyer, 2009; Beyer & Davis, 2009b; Forbes & Davis, 2010b). Video 
records of teaching and reflection on their teaching practice also appear to create productive 
space for developing practices and knowledge for teaching elementary science (Davis, 2006; 
Zembal-Saul, 2009).  
In summary, learning to teach elementary science is challenging given the ambitious 
goals set for elementary science learning, the limitations that elementary teachers may have in 
terms of science practices and knowledge, and the expansive knowledge and abilities expected of 
elementary teachers. Despite these challenges, evidence exists that prospective teachers can 
develop practices and knowledge for teaching during teacher education programs and use these 
practices and knowledge during their first years of teaching. The next section considers these 
challenges in the specifics of learning to teach elementary students to construct evidence-based 
claims  
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Learning to Support Students in Constructing Evidence-Based Claims 
Teachers show areas of strength and of struggle in learning to support students in 
constructing evidence-based claims (e.g., Avraamidou & Zembal-Saul, 2010; Beyer & Davis, 
2008; Erduran et al., 2004; McNeill, 2009; Thompson et al., 2013). For example, case studies 
describe the large range of teachers’  proficiency and trajectories for learning to support this 
science practice (Erduran et al., 2004; McNeill, 2009; Thompson et al., 2013). Moreover, 
beginning teachers show a range of success when engaging in this science practice themselves 
(Haefner & Zembal­‐Saul, 2004; Land & Zembal-Saul, 2003; Lunsford et al., 2007; Zembal-
Saul, Munford, Crawford, Friedrichsen, & Land, 2002). For example, some prospective teachers 
linked claims with evidence and engaged in discussion that led to deeper understanding of how 
evidence supports claims (Land & Zembal-Saul, 2003; Zembal-Saul et al., 2002). Having more 
prior knowledge seemed to enable these teachers to link claims with evidence and theoretical 
understandings of content (Land & Zembal-Saul, 2003). Other prospective teachers struggled 
with aspects of this science practice, including recognizing relationships between data and 
claims, not providing justification, and not including multiple pieces of evidence (Haefner & 
Zembal­‐Saul, 2004; Park Rogers, 2009; Zembal-Saul et al., 2002).  
 Beginning elementary teachers are capable of supporting elementary students to construct 
evidence-based claims (Avraamidou & Zembal-Saul, 2010; Beyer & Davis, 2008; Zangori & 
Forbes, 2013), yet they face challenges. For example, a set of four preservice teachers had the 
knowledge for teaching students to construct evidence-based claims, including giving a clear 
purpose for the practice, yet most of these teachers struggled in using this knowledge in practice 
(Zangori & Forbes, 2013). Other challenges include emphasizing claims, but not evidence, when 
supporting students to construct evidence-based claims (Beyer & Davis, 2008) and conflating 
interpretation of evidence with constructing explanations (Zangori & Forbes, 2013). Beginning 
elementary teachers, like most teachers, often struggle to provide opportunities for students to 
engage in this work (Banilower et al., 2013; Pasley et al., 2004; Zangori & Forbes, 2013). 
 32 
 Fortunately, in view of the challenges of learning to support students to engage in 
constructing evidence-based claims, several types of tools and supports are available to facilitate 
this work (e.g., Braaten & Windschitl, 2011; Davis et al., 2012; Windschitl, Thompson, & 
Braaten, 2011; Zembal-Saul, 2009). Educative supports for teachers provided in curriculum 
materials explain how and why teachers might engage students in this work (Davis et al., 2012; 
McNeill, 2009). Discourse tools can provide beginning teachers support in how to do this work 
in the classroom (Braaten & Windschitl, 2011; Thompson et al., 2013; Windschitl et al., 2011). 
Windschitl and colleagues (2011) describe the beginning  teachers’  inclusion of argumentation 
and science explanation in their instruction with the support of discourse tools and their 
university courses. University courses, including methods courses and science content courses, 
sometimes provide opportunities for teachers to construct evidence-based claims and to do this 
work with students (Avraamidou & Zembal-Saul, 2005; Haefner & Zembal­‐Saul, 2004; A. M. 
Shah, 2011; Zembal-Saul, 2009). For example, focusing on the role of evidence in science in 
conjunction with these practices seems to facilitate preservice  teachers’ learning to teach 
ambitious science in methods classes (Zembal-Saul, 2009). Likewise, prospective teachers 
moved toward emphasizing the role of evidence in science after having the opportunity to engage 
in the practice of explanation and argumentation themselves (Haefner & Zembal-Saul, 2004). 
Although some supports to facilitate teacher learning of how to engage students in making 
evidence-based claims have been described through a practice-based approach, little research 
exists  describing  how  these  supports  facilitate  changes  in  preservice  teachers’  practice  over time, 
particularly in an elementary setting.  
Summary 
  In summary, learning to teach elementary science as science practice integrated with 
science content is challenging, complex work, but, with well-structured support, beginning 
teachers can learn how to do it. In particular, beginning teachers may not have the knowledge or 
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ability to support elementary students to construct evidence-based claims, yet beginning teachers 
can learn to enact the teaching practice of engaging students in constructing evidence-based 
claims. Supports such as discourse tools and engaging in the science practices can support 
interns in learning to support elementary students to construct evidence-based claims. However, 
little is known about how elementary teachers learn to support elementary students in 
constructing evidence-based claims. 
A Practice-Based Approach to Learning to Teach 
 A practice-based approach to teacher education has been proposed to support beginning 
teacher learning. This section outlines what is meant by a practice-based approach, as well as its 
potential for supporting elementary science teacher learning.  
A Focus on High-Leverage Practices  
A call has been made to focus teacher education on the practice of teaching or what 
teachers do in classrooms (Ball & Forzani, 2009; Grossman, Hammerness, et al., 2009). 
Although this focus on practice in teacher education is not new (Zeichner, 2012), teacher 
educators and researchers propose focusing on a collection of selected teaching practices (as in 
Lampert’s  (2010)  second definition of practice) along with important subject matter knowledge 
to support beginning teacher learning (Ball et al., 2009; Davis & Boerst, 2014). In particular, 
Ball and Forzani (2009) call for outlining a set of high-leverage  practices  “that  are  essential  for  
skillful beginning teachers to understand, take responsibility for, and be prepared to carry out in 
order  to  enact  their  core  instructional  responsibility”  (p.  504). Ball and colleague’s (2009) 
criteria for selecting a high-leverage practice for teaching elementary mathematics include 
considering the centrality, frequency, applicability, and effectiveness of the practice in 
mathematics teaching, as well as the possibility that a novice could be taught, could rehearse, and 
could increase in proficiency in the practice (Ball et al., 2009). Some examples of high-leverage 
practices include eliciting and interpreting student thinking and leading a class discussion (Ball 
et al., 2009; Boerst, Sleep, Ball, & Bass, 2011; Sleep & Boerst, 2012). Others have similar 
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criteria for selecting high-leverage or core practices based on practical knowledge and empirical 
research, yet these lists often have different grain sizes for practices or are focused in particular 
content areas (Grossman, Hammerness, et al., 2009; Windschitl et al., 2011; Zeichner, 2012).  
A Focus on Knowledge for Teaching 
In addition to high-leverage teaching practices, a practice-based approach acknowledges 
the knowledge needed for teaching. This knowledge for teaching includes (1) pedagogical 
knowledge (e.g., classroom management, how learning occurs) (2) knowledge of context and 
students (e.g., issues of diversity, knowledge of individual students’  lives), and (3) knowledge of 
the content (Abell, 2007; Shulman, 1986). Although developing a beginning understanding of 
pedagogical knowledge and knowledge of context and students is important in preservice teacher 
education (Feiman-Nemser, 2001; Zeichner, 2012), this dissertation focuses on knowledge of 
content for teaching, as this is more pertinent to the emphasis on teaching science in elementary 
classrooms.  
Shulman (1986) discussed two types of content knowledge for teaching that others have 
elaborated on: subject matter content knowledge and pedagogical content knowledge. Likewise, 
other researchers elaborated on these two types of knowledge and made connections to specific 
disciplines. For example, science education research describes how science teachers need 
substantive knowledge about the body of knowledge of science and syntactic knowledge, an 
understanding of the scientific practices of a discipline and how they are used in a field to 
support  students’  learning  of  science  (Abell, 2007; Magnusson, Krajcik, & Borko, 1999; 
Schwab, 1964). For example, if a teacher plans to support student learning to construct evidence-
based claims about series and parallel circuits, she needs to know the body of knowledge about 
how electric circuits work (substantive knowledge) and the ways of constructing an argument in 
physical science (syntactic knowledge). A teacher also needs to be able to engage in the practice 
of constructing evidence-based claims herself. Thus, for every topic, teaching requires extensive 
subject-matter content knowledge.  
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In addition to subject-matter content knowledge, Shulman (1986) describes pedagogical 
content  knowledge:  “the  particular  form  of  content  knowledge  that  embodies  the  aspects  most  
germane  to  its  teachability”  (p. 9).  Building  on  Shulman’s  (1986)  work,  Magnusson  and  
colleagues (1999) and Abell (2007) outlined four areas of pedagogical content knowledge in 
science teaching: knowledge of science learners, instructional strategies, curriculum, and 
assessment. An example of each of these areas for constructing evidence-based claims about 
electric circuits includes knowledge of alternative ideas that students may have about electrical 
energy (knowledge of science learners), how to represent the flow of electrons in electric circuits 
that allow productive understandings (instructional strategies, science curriculum goals for 
electric circuits at the state-level curriculum),  and  methods  of  assessing  students’  evidence-based 
claims of electric circuits (assessment). As seen in this example of electric circuits, the 
pedagogical content knowledge involved in a specific science topic incorporates a large breadth 
and depth of ideas and concepts. Given this breadth and  depth,  teachers’  pedagogical content 
knowledge varies (Abell, 2007; Schneider & Plasman, 2011; Van Driel, Jong, & Verloop, 2002). 
Teachers, particularly beginning teachers, may need support to learn the range of knowledge for 
teaching particular content and practices (Abell, 2007; Davis et al., 2006; Schneider & Plasman, 
2011; Van Driel et al., 2002), which is part of continuing professional development (Feiman-
Nemser, 2001, p. 1050; Schneider & Plasman, 2011). Thus, a goal for teacher education 
programs is to begin the process of learning the knowledge for teaching.  
The Connection between Teaching Practices and Knowledge for Teaching 
 The knowledge that teachers have intertwines with the practices that teachers enact; 
teachers use their knowledge in action as they interact with students in a classroom (Hammerness 
et al., 2005; Lampert, 2010b; cf. Schön, 1983). For example, a teacher might engage in the 
practice of supporting students to construct an evidence-based claim during an investigation of 
chemical change. This practice involves using at least the following: (a) knowledge of how to 
construct an evidence-based claim from the data, (b) syntactic subject matter knowledge of how 
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to analyze data to reveal patterns and relationships, (c) substantive subject matter knowledge of 
chemical changes, (d) pedagogical knowledge of making knowledge explicit to learner, (e) 
pedagogical content knowledge of instructional strategies involved in constructing explanations, 
(f) pedagogical content knowledge of students as science learners to know how students might 
struggle, and (g) pedagogical content knowledge of instructional aims to understand the 
importance of learning about chemical change and analyzing data. Additional forms of 
knowledge and abilities that enable the teacher to plan for and enact these practices are needed, 
but this limited list highlights the many intersections of knowledge and ability required for 
enacting the high-leverage practices that facilitate student learning. To enact the teaching 
practice, teachers draw on this science knowledge for teaching. Interacting with students in the 
class and reflecting on their practice, the teachers build and develop their science knowledge for 
teaching.  
Pedagogies of Teaching Practice  
 In addition to focusing on the knowledge and practices that prospective teachers need to 
learn, a practice-based approach suggests a set of pedagogies to use in teacher education. As 
Dewey (1965) pointed out, recognizing the complexity underpinning a practice requires more 
than watching and doing without understanding. Grossman and colleagues (2009) offer a 
framework for teaching practice that provides a method for noticing and learning the complexity 
of practice. This framework identified three pedagogies common across the programs: 
representations, decompositions, and approximations of practice.  
 Representations include the variety of ways in which practice can be illustrated from 
direct observations of teachers teaching to lesson plans. The representations have the possibility 
of varying significantly in terms of comprehensiveness and authenticity; examples of 
representation can range from an  entire  year’s  set  of  videos  of  classes,  student  work,  and  teacher  
lessons (Lampert, 2001) to one short  written  case.  Agreeing  with  Little’s  (2003) thoughts on 
representations  of  teaching  practice,  Grossman  and  colleagues  (2009)  suggest  that  “the nature of 
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these representations has consequences for what novices are able to see and learn about practice”  
(p. 2065). For example, a skilled teacher educator may highlight her thinking throughout a read-
aloud presentation with the class of prospective teachers, providing space for novices to think 
about and question aspects of her practice. However, this kind of representation does not allow 
the prospective teacher to see how a third-grade student might react to this read-aloud. On the 
other hand, watching a teacher interact with third-grade students without attention drawn to 
particular aspects of the complexity may not enable the novice to see the work involved in 
supporting student learning (Dewey, 1965; Feiman-Nemser & Buchmann, 1985). Thus, careful, 
deliberate selection of representations that allow particular aspects of the practice to be made 
visible to novices seems necessary in leveraging this pedagogy for teaching practice (Grossman, 
Compton, et al., 2009).  
 Next, Grossman, Compton, and colleagues (2009) describe the pedagogy of practice of 
decomposition, “breaking  down  complex  practice  into  its  constituent  parts  for  the  purposes  of  
teaching  and  learning”  (p.  2069).  Given  the  struggle  of  novices to notice complexity in the work 
of a practice (Dewey, 1965; Feiman-Nemser & Buchmann, 1985), the decomposition of practice 
provides novices with the pieces of practice to look for and ways to interpret what they see. This 
decomposition allows the novice to become more incorporated into the discourses and ways of 
thinking of a community of practice (Grossman, Compton, et al., 2009).  
 Approximations of practice require novices to enact an aspect of practice with more or 
less authenticity. These approximations of practice allow the novices to practice or rehearse (as 
in  Lampert’s  (2010)  third  definition of practice) the facets of a profession. Grossman, Compton, 
and colleagues (2009) describe a continuum of authenticity in approximations ranging from less 
authentic, with fewer facets of the practice, to more authentic, with a complete, integrated 
enactment of practice. Less authentic approximations, such as analyzing written cases, provide 
for narrow participation in practice and greater opportunity for rehearsal. For example, novice 
teachers could have multiple opportunities to practice writing follow-up questions to a written 
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case about student thinking. Removing authenticity and complexity focuses novices on 
challenging aspects of professional practice, thus facilitating learning (Boerst et al., 2011; 
Grossman, Compton, et al., 2009; Kazemi et al., 2009). As novices enact more authentic 
approximations, such as teaching a lesson with the support of a mentor teacher, novices are more 
fully integrated into the practice. The novice no longer has the opportunity to stop and start or 
reword a question, but this approximation does allow the novice to experience the greater 
complexity of the actual practice. Thus, having opportunities to experience approximations of 
practices along the continuum of less authentic to more authentic provides possibilities to focus 
on important facets of practice and to experience how these facets fit together (Grossman, 
Compton, et al., 2009).  
Research on a Practice-Based Approach to Teacher Education 
  Research on teacher education courses and programs that draw on Grossman, Compton, 
and  colleagues’  (2009)  framework  highlight some of the challenges and possibilities of this 
approach to teacher education (Ball & Forzani, 2009; Ball et al., 2009; Davis & Boerst, 2014; 
Grossman, Hammerness, et al., 2009; Kazemi et al., 2009; Windschitl et al., 2011). One of the 
challenges of this approach is the careful work and knowledge required by the teacher educator 
to support beginning  teachers’  learning.  Kazemi  and colleagues (2009) list the responsibilities of 
a teacher educator in developing instructional activities and using these with beginning 
elementary teachers of mathematics, such as decomposing the instructional task, rehearsing the 
task themselves, providing representations of the task to the beginning teachers, supporting 
beginning  teachers’  rehearsal of the task, and creating opportunities for the beginning teachers to 
enact the task in an elementary classroom.  
 Another challenge of this work is changing the status quo of teacher education programs. 
This approach runs counter to many common customs in teacher education, including changing 
the typical pedagogy used in teacher education and the separation made between university 
courses and field work (Feiman-Nemser & Buchmann, 1985; Grossman, Compton, et al., 2009; 
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Grossman & McDonald, 2008; Lampert, 2010b). Many education programs typically use a 
“pedagogy  of  investigation”  that  facilitates describing the complexity in teaching through video 
cases and teacher inquiry, whereas a practice-based approach  focuses  on  “pedagogy  of 
enactment”  by  supporting teachers to engage in multiple iterations of a practice (Grossman & 
McDonald, 2008). This approach requires a more closely linked relationship between university 
courses and field work (Davis & Boerst, 2014; Grossman & McDonald, 2008; Kazemi, Franke, 
& Lampert, 2009). For example, Davis and Boerst (2014) summarize the relational-work and 
creativity required to embed courses in school  settings  to  allow  “support[ing]  and  maintain[ing]  
settings for practice-based, ethical, and content-rich learning opportunities” (p. 24). Continued 
work is needed to develop connections between fieldwork and university courses to allow the 
intertwining of knowledge and practices in teacher education.  
 Despite the challenges of this approach, practice-based teacher education shows great 
potential for supporting  beginning  teachers’  learning.  One  area  of  potential  is  the  development of 
discourse and tools for representing, decomposing, and approximating practice in teacher 
education. In 1975, Lortie discussed the lack of a common technical vocabulary and 
understanding for teaching, and currently, the field continues to identify the lack of common 
discourse to analyze and improve teaching as a major constraint to improving teaching (Ball & 
Forzani, 2009; Grossman & McDonald, 2008; Morris & Hiebert, 2009). Practice-based teacher 
education has provided an opportunity to develop tools and language for supporting the learning 
of teaching (Ball & Forzani, 2009; Ball et al., 2009; Grossman, Hammerness, et al., 2009; 
Kazemi et al., 2009; Lampert, 2012; Lampert & Graziani, 2009; Windschitl et al., 2011). For 
example, Ball and colleagues (2009) describe their work designing grading tools that clearly 
articulate the components of a practice. These grading tools create artifacts that allow knowledge 
to be distributed among the teacher educators (Ball et al., 2009).  
 This practice-based approach to teacher education shows potential in supporting the 
development of well-started beginners in education. For example, using a multi-case study 
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following beginning teachers’ movement through a graduate practice-based teacher education 
program and into their first year of teaching, Thompson, Windschitl, and Braaten (2013) describe 
beginning secondary teachers’  trajectory toward more sophisticated science teaching. Moreover, 
this approach seemed to facilitate beginning science teachers’ ability to support secondary 
science students in constructing evidence-based explanations of big ideas in science through the 
support of several tools (Braaten & Windschitl, 2011; Windschitl et al., 2011). 
 Teacher educators have also applied Grossman’s  framework  of  pedagogies  to elementary 
science methods classes. Shah (2011) highlights the ways that an elementary science methods 
course provided learning opportunities for guiding science discussions involving a combination 
of decomposing, representing, and approximating practice. This use of practice-based learning 
opportunities seemed to have “surfaced  both  the  rationale  for  doing  something  and  how  to  do  it  
in  an  integrated  way  across  course  activities”  rather  than  “learning  the  reasons  why  a  teacher  
would  enact  particular  actions  …. first, and then practicing how to actually enact those actions 
while  teaching  later”  (Shah,  2011,  p.  204).  In  a multi-case study of prospective teachers in an 
elementary science methods class, Nelson (2011) suggests that including approximations of 
practice  in  methods  classes  “may  enable  prospective  elementary  science  teachers  to  develop  
science teaching skills, ideas, and confidence to even greater levels prior to beginning student 
teaching”  (p.  282).  The  prospective  teachers  that  she  studied identified both areas of learning and 
potential limitations from the different types of approximations used in the course (Nelson, 
2011). These studies suggest the potential of a practice-based approach to supporting prospective 
elementary science teachers, but additional research is needed to determine how this approach 
supports elementary science teacher learning.  
Summary 
 A practice-based approach to teacher education has been suggested to support 
prospective teachers in learning the complex work of teaching. This approach focuses on 
supporting teachers to learn a set of high-leverage practices as well as knowledge for teaching. 
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To  support  teachers’  learning  of  these  practices  and  knowledge,  the  field  has  identified  
pedagogies of practice including representations, decompositions, and approximations of 
practice. Such a practice-based approach has shown potential for supporting the learning of 
elementary science teaching. 
A Theoretical Framework for Learning to Teach Science 
 The previous sections of this chapter highlight how learning to teach elementary science 
as science practice integrated with science content is complex and the potential of a practice-
based approach for supporting this work. In this section, I offer my view of how learning the 
practice  of  teaching  (Lampert’s  (2010)  fourth  definition)  occurs.   
Situated Cognition and Sociocultural Theories on Learning a Practice  
 Learning is situated in a particular physical and social context (J. S. Brown, Collins, & 
Duguid, 1989; Greeno, Collins, & Resnick, 1996; Putnam & Borko, 2000). Because the physical 
space and social situation where one learns a concept are deeply tied to the learning itself, the 
tasks for learning should be authentic (J. S. Brown et al., 1989). Thus, in learning to teach, the 
learning should be placed in the context of schools and classrooms of students (Ball & Cohen, 
1999; Fishman & Davis, 2006; Lampert, 2010b; Putnam & Borko, 2000). For example, in-
service teachers might analyze student work from their classrooms, focusing on understanding 
student thinking in the context of their teaching (Ball & Cohen, 1999). Likewise, prospective 
teachers might debrief their thinking about student understanding with a classroom teacher after 
a conversation with an individual student (Putnam & Borko, 2000). These tasks have the 
authenticity of being the work that teachers actually do in an authentic context, providing the 
possibility of developing the ability to do these tasks with more complexity in the future in 
similar contexts (J. S. Brown et al., 1989). 
 Learning is social; it involves becoming further initiated into the activities of a 
community of practice, a group of people who practice or do the same activity and self-identify 
as a group. Learning occurs through opportunities to participate legitimately and peripherally in 
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the activities of the community of practice. Moving toward the participatory ability to interact in 
this group, a person develops the ability to enter into the discourse with others, to share in and 
add to the knowledge of the community, and to perform the practices shared by the community 
(Lave & Wenger, 1991). For example, a prospective teacher may begin by watching a classroom 
and then slowly begin to facilitate individual students’  learning  by  helping  with  class  
assignments. The prospective teacher may continue to take on more of the responsibility of 
classroom teaching over time as she begins to do tasks such as co-planning how to teach a 
specific topic, discussing knowledge  of  students’  learning  with  other  teachers,  and  teaching  
sections of classes. In this manner, this former outsider to the community moves toward 
becoming part of the community. This learning or movement toward becoming a member of a 
community of practice requires interactions with others that enable the individual to have access 
to the knowledge and practices of the community (Lave, 1996; Vygotsky, 1978).  
 Others can facilitate this learning, the movement toward legitimate participation, by 
making resources and opportunities available for the learner (Lave, 1996). In particular, a 
knowledgeable other (e.g., a teacher) can aid this movement by creating opportunities and 
support for a learner to more fully participate in the tasks of the community (Vygotsky, 1978). 
Vygotsky (1978) describes the zone of proximal development as the region between what a 
person can do on his own and what he can do with the help of a knowledgeable other. The 
supports and resources provided by another person facilitates learning (Vygotsky, 1978). For 
example, a teacher educator may structure an activity where a novice teacher has the opportunity 
to work with a few children on a particular mathematics problem. The teacher educator might 
support this novice by working together to develop the lesson, enabling the novice to do more of 
the work of the practice of teaching with the help of the knowledgeable other than the novice 
could do on her own. Over time, the novice will be able to plan and facilitate a discussion of a 
problem without the support of the teacher educator, and thereby move more toward legitimate 
participation in the practice of teaching. This support provided by the knowledgeable other 
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requires careful planning and sequencing (J. S. Brown et al., 1989; Kazemi et al., 2009; Lave, 
1996; Vygotsky, 1978).  
 Learning is distributed; groups of people share in the co-construction of knowledge using 
tools and signs. Working with others allows the sharing of knowledge across individuals and the 
ability to construct deeper meanings (Pea, 1993; Putnam & Borko, 2000). Each individual brings 
her knowledge and experience to work of the group. Over time, individuals are able to serve as 
knowledgeable others for one another in order to develop deeper understanding of the practice as 
a whole (Vygotsky, 1978). For example, as the teacher educator facilitates a novice in helping a 
student with a mathematics problem, the teacher educator may learn more about how to teach 
mathematics problems through the questions and ideas of the novice. Likewise, two teachers 
discussing how to interpret student thinking from student work may create a deeper 
understanding about how to support learning for both teachers. Thus, the distribution of work is 
across the members of a community of practice (Putnam & Borko, 2000). Both the newer 
“peripheral”  members  and  the well-established members enable a deeper construction of 
knowledge of the practice of teaching as a whole (Lave, 1996; Lave & Wenger, 1991; Putnam & 
Borko, 2000).  
 Learning is also distributed across tools and signs that enable the performance of tasks 
beyond the capacity of the individual (Pea, 1993; Vygotsky, 1978). Language and signs allow 
the communication across individuals in the community of practice (Vygotsky, 1978). Thus, as 
one becomes a more integrated member, one learns to participate in the discourse of the 
community of practice and to share the work of the practice (Lave & Wenger, 1991; Putnam & 
Borko, 2000). For example, as a novice teacher begins to participate in conversation about 
students’  thinking  in  a  classroom, this teacher learns the discourses particular to the practice of 
teaching  and  is  able  to  take  on  some  of  the  responsibility  of  supporting  the  students’  thinking. 
 Tools and signs also enable the performance of tasks beyond the capacity of the 
individual or group. Inscriptional systems such as scientific notations or written language allow 
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the ability to transform meanings and carry understandings (Pea, 1993; Vygotsky, 1978). Tools 
such as curriculum materials or computers facilitate learning by taking on aspects of the work 
(Pea, 1993). For example, as beginning teachers interact with existing curriculum materials to 
learn to plan a lesson, the sum of the understandings of the community of teaching exists in the 
representations and words in the written document (Hiebert & Morris, 2012b). The curriculum 
materials share in the work of developing the lesson, as the teachers make decisions about how 
to enact a lesson on the basis of suggestions from the curriculum materials (M. W. Brown, 2009; 
Remillard, 2005). In this manner, the learning becomes distributed across the teachers, signs, and 
tools to facilitate integration into the practice of teaching.  
 In  light  of  this  distributed  nature,  Lampert  (2012)  highlights  the  concept  of  a  “’generative  
dance’” (Cook & Brown, 1999) between the organizational knowledge of practice distributed in 
tools and the people in the community of practice who use this knowledge. Individuals in a 
community of practice draw on the knowledge distributed in the community and add to this 
knowledge as they face problems of practice (Cochran-Smith & Lytle, 1999; Hammerness et al., 
2005; Lampert, 2012). For example, when faced with a novel student answer to a math problem, 
a teacher relies on her own practices of teaching and the teachers’  manual  to  help  her  proceed  in  
the conversations. Later, she may discuss this novel answer with others as a problem of practice 
to make decisions about how to proceed in her classroom. In this case, the teacher both (1) relies 
on the  knowledge  and  practice  of  the  community  distributed  in  the  teachers’  manual  and  others  
and (2) adds to the understandings of the practice through her thinking about the novel answer 
with others. The teachers (individuals in the community) become generators of the knowledge 
and practices of the community of practice (Cochran-Smith & Lytle, 1999; Lampert, 2012). 
Thus, being a member of community of practice (and learning to be a member) involves co-
constructing knowledge through making sense of and enacting the practices of the community.  
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A Theoretical Framework for Learning to Teach as Practice 
 Figure 2-3 shows my theoretical framework for learning to teach as practice. This figure 
shows how learning the practice of teaching is the process of moving from being an outsider of a 
community of practice to becoming part of the community of practice. During this process, an 
individual co-constructs meaning with others to make sense of and to act as part of the 
community practice. The process of learning is distributed across people and tools, situated in a 
particular context, and social. This process of learning is facilitated by a knowledgeable other, in 
this case a teacher educator. In a practice-based approach to supporting this process of learning, 
the teacher educator uses a set of pedagogies including decomposition, representation, and 
approximations of practice. These pedagogies support learning of a set of high-leverage practices 
for teaching (e.g., the practice of supporting elementary students to construct evidence-based 
claims) and knowledge of teaching.  
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Figure 2-3: Theoretical Framework for Learning to Teach 
 
Conclusion 
 This chapter outlined the empirical and theoretical literature about supporting elementary 
students in science practices integrated with science content, as well as the particular teaching 
practice of supporting students to construct evidence-based claims of natural phenomena. I also 
outlined my view of the components of this teaching practice by drawing on the research base. 
Next, this chapter described the practice-based approach to teacher education and the potential it 
shows for facilitating beginning teacher learning. Finally, I presented my theoretical framework 
for the study, which draws on a sociocultural, situated perspective of learning. The next chapter 
describes how I draw on my theoretical framework as well as the research base in developing the 
study design, the collection of data, and analysis of the study.  
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CHAPTER 3 
METHODS 
 This longitudinal qualitative case study considers the change in teaching practice and 
knowledge for supporting students in constructing evidence-based claims for one cohort of 54 
preservice elementary teachers (called interns) during their four semesters in a two-year practice-
based teacher education program. From the cohort, I purposefully selected five interns to serve as 
focal interns. The descriptions of the experiences of these five focal interns serve as sub-cases 
embedded in the larger case study of the entire cohort of 54 interns. To develop these 
descriptions, I collected and analyzed a variety of records of practice, assignments, and surveys 
from two courses and programmatic assessments. The records of practice include lesson plans 
and videos of enactments of lessons or parts of lessons. The lesson plans and video-records of 
enactments allowed the analysis and description of the interns’ practices for engaging students in 
constructing evidence-based claims. I collected written reflections on lessons, class assignments, 
and surveys about science practices and teaching practice to characterize the interns’ knowledge 
for engaging students in constructing evidence-based claims. Interviews with the focal interns 
helped triangulate the descriptions from other data sources and describe the interns’ thinking 
about their learning of this practice.  
 These data sources enabled me to describe the teaching practice and knowledge for 
supporting students to construct evidence-based claims that the interns use at particular points in 
the program. Looking across these descriptions facilitates characterization of changes over time 
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in terms of practice and knowledge in this cohort. I looked for the variation and trends in 
learning to support students to construct evidence-based claims. As a reminder, I ask: With 
regard to supporting elementary students to construct evidence-based claims about natural 
phenomena, how  do  the  interns’  practice  and  corresponding  knowledge  change  over  time  in a 
practice-based teacher education program? And How do interns describe how and why their 
knowledge and practice changed over time? This chapter describes the study design, including 
the role of the researcher, instructional context, participants, data sources, and analyses for the 
research questions.  
Role of the Researcher 
 I have been involved in this two-year undergraduate teacher education program for 
several years. I first apprenticed in the Science Methods Course in the fall of 2010. Through 
observations of interns in the methods course and in the field, I first became interested in 
preservice  teachers’  ability  to  engage  students  in  science  practices. Since this time, I have been 
involved in planning, observing, and giving feedback to preservice teachers for this course. In 
the fall of 2012, I had an opportunity to serve as the instructor for the course, where I noticed 
variation  in  interns’  practice  for  supporting  students  to  engage  in  evidence-based claims. 
Assessing  and  providing  feedback  on  the  interns’  practice  also  highlighted  the  variation  in  their  
knowledge and teaching moves for supporting students in science practices.  
 In the fall of 2011, I also became involved in the Children as Sensemakers I Course that 
occurs during the first month of the program. My involvement in this class as an observer and 
grader also allowed me to notice the variety of  interns’  moves  and  knowledge  for  supporting 
students to share their thinking about natural phenomenon. Having the opportunity to work with 
classes across multiple time points in the program made me wonder about how interns might 
learn to do the work of supporting students in science practices. I also became interested in how 
classes and experiences throughout the program help the interns develop their knowledge for 
teaching and teaching practice.  
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 During this dissertation study, I served as the instructor for one of the two sections of the 
Science Methods Course, a grader for the Children as Sensemakers I class, and as the primary 
researcher for this study. Assuming these roles required that I define each ahead of time (Luft, 
Bragg, & Peters, 1999). As an instructor of the Science Methods Course, I planned for class 
sessions with other instructors, facilitated learning to support students to engage in constructing 
evidence-based claims, and provided feedback on written work (including the assignments 
included in data collection). As a grader for the Children as Sensemakers I class, I observed class 
sessions and provided feedback on the  interns’  class  assignments. As a researcher, I invited 
interns to participate in my work through a brief discussion that described the research and the 
possibilities for involvement at the beginning of the year. I obtained consent from interns to be 
involved in the study and informed interns that their involvement would not be related to the 
grades for the course. Although my role as course instructor or grader may have limited the 
interns’  trust  and  openness  during  interviews, my data suggest that I can believe what the interns 
said. For example, several of the interns commented that they did not read the assignments for 
the class, even though this was a requirement of the course.  
 Because the collection of data involved assignments and work that occurred regularly in 
the Science Methods Course, I foregrounded my role as instructor during the course in order to 
make  the  best  decisions  for  the  interns’  learning in the courses. I focused on my role of instructor 
and grader while the Science Methods Course and Children as Sensemakers I Course were in 
session and waited until the course and grading were complete before beginning analysis of the 
data. This enabled me to support interns in their work without feeling that my role as researcher 
would compromise my ability to act as their teacher educator.  
 In terms of the interviews with the subset of focal interns, I conducted the first interview 
before the course began or within the first week of the course. In obtaining consent, I described 
how the interviews provided the interns with an opportunity to reflect on their science teaching 
and provided feedback for improving learning for future interns. These rationales for 
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participating enabled the interns to see the interviews as tasks in our relationship as instructor 
and students rather than inconsistent with the course goals of supporting their learning to become 
an elementary teacher. I also reminded interns that the interviews were not associated with their 
grade for the course. During the rest of the course, I had another researcher conduct the 
interviews with those interns in my class to avoid conflicts of interest and to enable the interns to 
speak more frankly about their struggles and successes in the class. I conducted the interview 
with those interns in the other section of the course, which I did not teach. I assumed the role of 
interviewer and researcher once the courses and grading were completed.  
Study Setting and Participants 
 This  study’s  context  is  a  two-year practice-based teacher education program, and its 
participants include interns in one cohort. This section describes the program, the focus courses 
of the study, and the participants. Then, I outline some of the features of the courses and the 
program that focused on facilitating intern learning of how to support elementary students to 
construct evidence-based claims. In this section, I also describe some of the opportunities to 
learn provided to interns during the Teacher Education Program, including in the Children as 
Sensemakers I Course, Science Methods Course, and other coursework and clinical work in the 
program.  I  draw  on  Grossman,  Compton,  and  colleagues’  (2009)  framework  for  teaching  
practice in this description, giving examples of representations, decompositions, and 
approximations of practice to support learning in the program.  
The Teacher Education Program  
 This research study focused on a cohort of interns in an undergraduate teacher education 
program at a large Midwestern university in the United States. The program consisted of four 
semesters of professional study, and students typically enter the program in their junior year. The 
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program was accredited by the Teacher Education Accreditation Council (TEAC), which 
certifies  that  the  program  adheres  to  TEAC’s  quality  principles.  
 Three pillars undergirded the focus of the program:  teaching  practice,  preparing  “subject-
matter  serious”  teachers,  and  recognizing  and  acting  on  professional  obligations.  These  pillars  
served as design principles for the program and continued to focus the aims and goals of the 
program (Davis & Boerst, 2014). The program has outlined a set of high-leverage practices that 
are used throughout the courses in the program (see Appendix A). These high-leverage practices 
are not content specific but rather are focused across the courses and in various subject matters 
throughout the program to support the learning of these practices in subject-matter serious ways. 
The program also outlined a set of ethical obligations that are infused in the teaching of the 
courses.  
 The program had a series of courses that focus on content-specific teaching, learning 
about the social and political contexts of teaching, and developing an understanding of how 
people learn. There were also three semesters of clinical practicum, where interns worked six to 
nine hours per week in elementary classrooms learning to plan, enact, and assess elementary 
lessons using high-leverage practices with the guidance of field instructors and mentor teachers. 
Interns spent their last semester in the program in student teaching, where they were in 
classrooms full time while receiving guidance from a mentor and field instructor. The interns 
were expected to act as lead teacher for two to three weeks during student teaching, where they 
took on the responsibility of planning, enacting, and assessing instruction. The program also 
required interns to take a series of courses in particular subjects (e.g., a physics course for 
educators). In this program, consistent with state policies, interns had major academic subject 
area. A major required interns to take additional courses in this subject area. 
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 This program also designed a series of program-level assessments that allowed formative 
feedback to be provided to interns and provided information for instructors to use in the courses 
and re-design of the program. These assessments focused on gauging an intern’s subject-matter 
knowledge, ability to enact high-leverage practices, and application of ethical obligations. For 
example, interns took a subject-matter knowledge assessment of their science knowledge for 
teaching in the content of ecosystems during the winter of their first year. Another assessment 
involved interviewing a standardized student about his thinking of a mathematical concept to 
evaluate  the  interns’  ability  in  the  practice  of  eliciting and interpreting student thinking. These 
assessments occurred over the course of the program and were sometimes used as pre- and post-
tests to look for changes in knowledge and practice over time (Boerst, 2013).  
 Opportunities for Learning the Teaching Practice of Supporting Elementary 
Students to Construct Evidence-Based Claims. The learning opportunities for teaching 
elementary science provided in this program drew on the research base in selecting appropriate 
and productive strategies, as well as on design work from multiple iterations of the courses and 
the program (Beyer, 2009; Davis & Boerst, 2014; Davis & Smithey, 2009; Forbes & Davis, 
2010b; Nelson, 2011). Opportunities to learn about and enact aspects of the teaching practice of 
supporting students to construct evidence-based claims existed throughout the program, 
including in courses and during their field experiences.  
 Courses also focused on elements related to the teaching practice of supporting 
elementary students to construct evidence-based claims including planning for science lessons 
and providing explanations of content. The next sections describe contexts that could facilitate 
the  interns’  development  in  supporting  children  to  construct  evidence-based claims in science. 
Drawing  on  Grossman,  Compton,  and  colleagues’  framework  (2009)  described  in  Chapter  2,  I  
outline the representations of this teaching practice (e.g., videos of teaching practice), 
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decompositions that break down the practice into smaller pieces, and approximations of practice 
that allow the interns to enact the practice in different contexts and courses.  
 Learning Opportunities for Supporting Students to Construct Evidence-Based Claims 
in the Children as Sensemakers I Course. The Children as Sensemakers I Course met for three 
hours each week during the first month of the first year in the program. The course focused on 
learning  to  elicit,  interpret,  and  develop  students’  thinking  about natural phenomenon through 
course assignments and readings. The course aimed to highlight how elementary children make 
sense of the natural world through their everyday experiences. The interns engaged in two 
interviews with a lower-elementary student about their understanding of what causes day and 
night using multiple modalities (speaking, drawing, and modeling). The interns also enacted a 
read-aloud with the same students about what makes day and night and used a physical model to 
represent the phenomenon.  
 The course required reading articles that focus on how children learn or possible 
instructional techniques for working with student ideas. Instructional activities included 
watching video-records, engaging in modeling, rehearsals, and discussions that allow interns to 
co-construct understandings about student thinking and practice to elicit student thinking. Interns 
completed three assignments where they engaged in a discussion with a lower elementary 
student about what makes day and night and then reflected on this experience.  
 The Children as Sensemakers I Course offered multiple opportunities for interns to learn 
about the knowledge and practice of supporting students to construct evidence-based claims. 
Table 3-1 lists some of these opportunities that occurred during the course and when these 
opportunities occurred throughout the course. Representations of this teaching practice included 
modeling eliciting student thinking and justification, as well as video-records of students sharing 
their own thinking about a natural phenomenon. These representations highlighted some of the 
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specific  components  of  the  teaching  practice  of  eliciting  students’  claims  about  natural  
phenomena and knowledge needed to do this work. For example, a video-record of students 
explaining their thinking about how  light  works  underscored  how  students’  ideas  about  natural  
phenomena are  persistent  and  reasonable.  Some  of  these  aspects  of  eliciting  students’  claims  
about natural phenomena were decomposed during the discussion about the representations of 
practice and reading about student thinking. The instructional tasks and reading asked interns to 
focus on specific aspects of the practice—for example, the kind of questions asked to learners. 
The approximations of practice, including the rehearsals, interviews, and read-aloud, with an 
individual student enabled interns to engage in some aspects of supporting students to construct 
evidence-based claims with a high amount of support. The rehearsal, interviews, and read-aloud 
had protocols with specific questions for interns to engage in teaching moves, such as supporting 
students  to  justify  their  thinking  or  probing  for  evidence  or  reasoning  in  students’  claims  about  
the natural phenomenon (see Appendix B for an example part of the protocol). Through the 
representations, decompositions, and approximations of practice, this course provided the 
opportunity  to  learn  about  students’  ideas  and  the  foundational  elements  of  supporting  students’  
construction of evidence-based claims.  
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Table 3-1: List of Activities and Assignments That Focus on Supporting Elementary Students to 
Construct Evidence-Based Claims in the Children as Sensemakers I Course 
Week Activity or Assignment 
1 Video of students sharing their thinking of the natural phenomenon of light 
  
1 Modeling of read-aloud, including eliciting student thinking 
 
1,4 Writing claims for the question, “What  makes  day  and  night?” 
 
1,2,3 Rehearsal  of  eliciting  students’  claims  about  the  natural phenomenon 
 
1,3 Interview to elicit students’  claims  about  what  makes  day  and  night 
 
1,2,3,4 Discussion of student claims and how to elicit student claims about what makes 
day and night 
 
3 Read-aloud with students about what makes day and night 
 
2,3,4 Reflection  on  students’  thinking  and  teaching moves from interviews and read-aloud  
 Components of Constructing Evidence-Based Claims Emphasized in the Children as 
Sensemakers I Course. The Children as Sensemakers I Course focused on three components of 
the teaching practice of constructing evidence-based claims: supporting students to (1) 
communicate claims, (2) draw on representations to make claims and analyze data to reveal 
patterns, and (3) share and justify their thinking. Table 3-2 lists the potential investigation 
questions, potential data analysis, and potential evidence-based claims for the course.  
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Table 3-2: Potential Investigation Questions, Potential Data Analysis, and Potential Evidence-
Based Claims for the Children as Sensemakers I Course Assignments 
Lesson Children as Sensemaker I: What causes day and night?  
Potential Investigation 
Question 
 
What makes day and night? 
Potential Data 
Analysis 
Making sense of a clay model of Earth, with a flashlight as the sun, by 
noticing the pattern of where light falls on the Earth model as it spins 
Connecting the physical model to a representation of Earth spinning in 
the picture book 
 
Potential Evidence-
Based Claim 
Claim: Earth spins on its axis. As it spins, half of Earth is in the sunlight 
and  half  of  Earth  is  in  Earth’s  shadow   
Evidence: When I spun the model Earth, the toothpick representing 
people moved in and out of the light from the flashlight. When the 
toothpick on one side of Earth is in the sun, the toothpick on the other 
side of Earth is in the shadow.  
Reasoning: Spinning around allows the people to move in and out of the 
light. Earth blocks the light from the sun during the nighttime.  
 In terms of supporting students to communicate claims, the protocols for the interviews 
required the interns to have students share their answer to the question, “Please tell me how you 
think we have day and night”  [CaSM#1InterviewProtocol].  According to the protocol, the interns 
first worked to support students to state their answer verbally; second, the intern supported 
students to draw a representation of their thinking; and finally, the interns asked students to 
represent their thinking using a model (including clay and a flashlight). The class discussions 
included conversation about how and why to support students to communicate their claims in 
this way. The  tool  used  to  assess  the  interns’  work  and  provide feedback included an expectation 
that  the  intern  “asked a clear question to introduce that task that appeared to be understood by the 
child”  [Interview2_FeedbackTool].  This  expectation  highlights  the  focus  on  supporting  a student 
to communicate a claim about the natural phenomenon of day and night by asking clear 
questions.  
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 The class assignments, class discussions, protocols, and feedback tools also had an 
emphasis on drawing representations to make claims and analyze data to reveal patterns. The 
read-aloud with a student included an emphasis on supporting a student to make sense of a 
representation in the text as well as in a model, to give an explanation of what causes day and 
night. For example, the protocol included supporting the students to use the model to show how 
the spinning of Earth can cause day and night. The protocol also highlighted some of the implicit 
features of the representation such as pointing out the perspective of the representation. Class 
discussions also highlighted some of the challenges of using and understanding representations 
to make claims such as how to match the model with the drawn representation in the book. The 
class discussion also pointed out the importance of allowing students the opportunity to make 
sense of the representations in order to develop claims and evidence in service of an explanation 
of what makes day and night. On their assignments, interns were required to reflect on their 
teaching moves that might have facilitated the students to make sense of the phenomenon. They 
received feedback on their ability to use these representations and discussed their experiences in 
class. 
 The course also had an emphasis on eliciting, probing, and interpreting student thinking, 
which can facilitate the interns to support students to share and justify their thinking about the 
patterns or claims. Example follow-up questions were included on the interview protocol, such 
as  “How  does  this  happen?”  [CaSMInterviewProtocol].  The  class  discussed  the  importance of 
asking these follow-up questions to further understand what a child is thinking. The tools used 
for assessment and feedback included these two expectations:  
(1) Asked follow-up questions that targeted the scientific phenomenon, including 
questions  that  that  elicited  the  child’s  understanding  of  what  causes  day  and  night 
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(2) Asked follow-up questions that were tied to what the child said or did 
[CaSMInterviewFeedbackTool] 
These expectations would support students to share their thinking about the phenomenon in 
question.  
 Learning Opportunities for Supporting Students to Construct Evidence-Based Claims 
in the Science Methods Course. The Science Methods Course met for three hours a week for 
nine weeks during the second year of the teacher education program. The course goals for interns 
were (a) describing the vision of science learning outlined in the Next Generation Science 
Standard, (b) incorporating this vision into their developing science teaching practices (e.g., 
appraising and modifying science lesson plans and activities to address a specific learning goal; 
explaining core content and supporting students in constructing scientific explanations), (c) 
enacting instructional practices that make science accessible to all students, and (d) learning to 
prepare, teach, and reflect on elementary science lessons that incorporate investigations. The 
course used the EEE framework for elementary science teaching (Benedict-Chambers, 2014), 
which is designed to decompose pieces of elementary science lessons and provide a vision for 
how a teacher could support science learning. The EEE framework divides elementary science 
teaching with investigations into three elements: engage, experience, and explain with evidence 
(see Appendix C). During the Engage element, teachers facilitate the identification of an 
investigation question and support students to share their prior knowledge about the investigation 
question. In the Experience element, a teacher supports the collection of data from an 
investigation. The Explain with Evidence element involves supporting students to analyze the 
data to reveal patterns and relationships, construct evidence-based claims, and apply their 
knowledge to a new situation. The course was designed to consider closely each element of the 
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framework, and assignments used the framework as a way of decomposing the larger practice of 
science teaching.  
The course worked on the learning goals through a number of assignments, instructional 
activities, and readings (see Appendix D for Syllabus). Instructional activities for the course 
included engaging in portions of science lessons as  students,  analyzing  videos  of  teachers’  
practice, analyzing student work, and discussing course readings and problems of practice. One 
major set of activities was called Peer Teaching (see Appendix E). During Peer Teaching, interns 
taught portions of science lessons to a small group of their colleagues who acted as elementary 
students. Each enactment was followed by a debriefing session with a teacher educator, the 
intern,  and  their  “students.”  The  Peer  Teaching  occurred three times, so interns had the 
opportunity to teach each element of the EEE framework. Interns co-planned for Peer Teaching 
during class the week before. These instructional activities were designed to provide 
representations of science teaching, to decompose elements of science teaching, and to 
approximate the practice (Grossman, Compton, et al., 2009) 
Required assignments for the course included (a) a write-up of a conversation with their 
mentor teacher about teaching elementary science, (b) lesson plans and reflections for three Peer 
Teachings, (c) Experience-in-the-field, and (d) Reflective Teaching (see Appendix F for the 
assignment). Experience-in-the-field required interns to plan for, enact, and reflect on the 
experience portion of a science lesson with elementary students in their placements. For the 
Reflective Teaching assignment, interns planned for, enacted, and reflected on an entire lesson in 
their placement classrooms. The Peer Teaching, Experience-in-the-field, and Reflective 
Teaching asked that interns use existing curriculum materials that they would analyze and 
modify rather than creating their own lesson using a set of lesson-planning considerations (see 
Appendix G for the considerations). Thus, these assignments required interns to engage in 
planning for, enacting, and reflecting on science teaching throughout the course.  
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 The Science Methods Course provided several learning opportunities for developing 
practice  and  knowledge  for  supporting  students’  construction  of  evidence-based claims. Table 3-
3 provides a summary of the activities and assignments related to supporting students to 
construct evidence-based claims of natural phenomena. The course began with an overview of 
how evidence-based claims fit into science lessons and then focused on each element of the EEE 
framework (see Appendix C). The course ended with considering assessing student learning.  
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Table 3-3: Summary of Activities and Assignments in the Science Methods Course Related to 
Supporting Students to Construct Evidence-Based Claims (See Appendix C for EEE Framework) 
 
Week In-Class Activities and Assignments 
1 x Modeling of a science lesson involving constructing evidence-based claims 
x Overview discussion of including evidence-based claims in science teaching 
x Homework: Readings on designing lessons to include evidence-based claims 
and on NGSS including the practices of science explanations and 
argumentation 
 
2 x Discussion of Engage element of EEE framework 
x Co-planning of a Peer Teaching lesson to include evidence-based claims with 
focus on Engage element  
 
3 x Peer-teaching of Engage element of Peer Teaching lesson  
x Homework: Readings on representing and analyzing data  
 
4 x Reflection on Engage element of Peer Teaching lesson due 
x Discussion of Experience element of EEE framework 
x Co-planning of Experience element of Peer Teaching lesson focused on 
collecting data and possibly analyzing data 
 
5 x Enacting of Experience element of Peer Teaching lesson  
x Homework: Readings on explanation and argumentation  
 
6 x Reflection on Experience element of Peer Teaching due 
x Experience Element-in-the-field due 
x Discussion of Explain-with-evidence of EEE framework 
x Co-planning of Explain-with-evidence element of Peer Teaching lesson 
focused on analyzing data and constructing an evidence-based claim 
 
7 x Enacting Explain-with-evidence element of Peer Teaching lesson focused on 
analyzing data and constructing an evidence-based claim 
x Homework: Readings on assessing evidence-based claims 
 
8 x Discussion  of  assessing  students’  evidence-based claims 
x Analyzing sample student work of evidence-based claims 
 
9 x Synthesis discussion of class 
x Incorporating literacy into science elementary lessons 
x Finding resources for teaching elementary science including secondary data 
sources  
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 The Science Methods Course involved a variety of representations of practice to facilitate 
interns’  learning  of  supporting  students  in  constructing  evidence-based claims. During the first 
class session, interns experienced an example of an elementary science lesson as students. 
During this experience, the instructor modeled how a teacher might support students to construct 
evidence-based claims. This modeling and the following discussion focused on including 
integrating science content with science practices, including constructing evidence-based claims 
that might occur in an elementary classroom. Throughout the course, interns viewed video-
records of teachers engaging students in conducting investigations and constructing evidence-
based claims. Use of the video-records was intended to show the teaching moves and language 
involved in this work. For example, interns were asked to pay attention to the questions that the 
teachers ask to elicit student justification of a claim. Many of the readings included vignettes of 
teachers’  practice  that  described teachers’  planning  for,  enactment  of,  and  reflection  on  
supporting student learning of science practices. These representations and others aimed to make 
visible particular aspects of the practice of supporting students in constructing evidence-based 
claims. 
 The Science Methods Course used a variety of instructional tasks to decompose the 
teaching practice of supporting students to construct evidence-based claims. The purpose of the 
EEE framework was to lay a foundation for this decomposition by outlining components of this 
work in elementary classrooms. The whole class also engaged in discussions that decomposed 
this work after experiencing different representations of the teaching practice. In these 
discussions, the instructor and interns identified and named specific teaching moves, 
representations, and language used in the representations of practice. For example, the class 
named specific questions used to elicit student justification such as, “How  do  you  know?” 
Course readings also provided decompositions of this practice. In particular, What’s  Your  
Evidence (Zembal-Saul et al., 2013) named explicit discourse moves and planning steps for the 
practice of supporting students to construct evidence-based claims. The interns also decomposed 
 63 
their practice when reflecting on their enactments of science lessons. These decompositions were 
intended to  facilitate  interns’  ability to interpret, enact, and analyze the teaching practice.  
 Several types of approximations of practice in the Science Methods Course allowed 
interns to enact aspects of the teaching practice of supporting elementary students to construct 
evidence-based claims. Co-planning with colleagues for the Peer Teaching and with their mentor 
teacher for the lessons in their classrooms required interns to draw on existing curriculum 
materials to decide on the evidence-based claims that students can construct and the teaching 
moves, representations, and language that could be used to support students in this work. Peer 
teaching allowed interns to enact the teaching moves involved in supporting student construction 
of evidence-based claims without the complexity of working with elementary students. The 
Reflective Teaching required interns to enact these teaching moves with more complexity but 
still with the support of their mentor teacher. The sequencing of the approximations of practice 
aimed to increase the complexity of the work over time.  
 Components of Supporting Students to Construct Evidence-Based Claims Emphasized 
in the Science Methods Course. The Science Method Course focused on these components of 
the teaching practice of supporting students to construct evidence-based claims: (a) supporting 
students to analyze data, (b) supporting students to communicate a claim, (c) supporting students 
to use a logical structure for evidence-based claims, and (d) science knowledge for teaching 
students to construct evidence-based claims. The course also touched on other aspects of the 
teaching practice, but these were the major areas of emphasis. 
 The decomposed teaching practices in the EEE framework give insight into how this 
teaching practice was discussed and practiced in the course. Figure 3-1 shows the decomposed 
subpractice of supporting students to analyze the data to reveal patterns and relationships from 
the EEE framework, and Figure 3-2 shows the decomposed subpractice of supporting students to 
justify their claims with evidence and reasoning. During the course, the class identified these 
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decomposed elements in the representations of science teaching and discussed why these 
components are important. In these discussions, the instructors highlighted specific teaching 
moves such as using a sentence stem to support learning or connecting  students’  ideas  to  each 
other.  
 
Figure 3-1: The Decomposed Practice of Supporting Students to Analyze the Data from the EEE 
Framework.  
 
 
Figure 3-2: The Decomposed Practice of Supporting Students to Make Claims Justified by 
Evidence and Reasoning from the EEE Framework.  
 The course instructors expected the interns to use these elements in their lesson plans and 
enactments for class assignments including Peer Teaching and Reflective Teaching. These 
assignments included a variety of content and types of data analysis. Table 3-4 shows the 
investigation question, potential data analysis, and potential evidence-based claims for the two 
focal lessons for the Peer Teaching Assignment (called “Stems  Lessons”  and  “Energy  Lesson”), 
and  Appendix  H  lists  this  information  for  the  focal  interns’  Reflective  Teaching  lessons. The 
 65 
feedback for Peer Teaching asked colleagues and the teacher educator to comment on how the 
interns enacted these decomposed elements with questions such as, “How  did  the  teacher  
facilitate a discussion that enables students to use data as evidence to answer the original 
question or problem? Give specific examples.”  [PeerTeachingFocusQuestions]. The Reflective 
Teaching assignment required interns to identify locations in the video-records of their lesson 
where they enacted these decomposed elements of the teaching practice, and to reflect on how 
their enactments support student learning. The instructors commented on these reflections as 
well as on their enactment of the teaching practice.  
Table 3-4: Potential Investigation Questions, Potential Data Analysis, and Potential Evidence-
Based Claims for the Peer Teaching Lessons  
Lesson Peer Teaching Stem Lesson 
The purpose of a stem for K-3 grades 
Peer Teaching Energy Lesson 
The transfer of heat energy for 4-6 
grades 
Potential 
Investigation 
Question 
What is the purpose of a stem? By 
asking: What happens when a celery 
stem is placed in red water (and clear 
water)? 
 
What happens when a bag of cold 
water is placed into a container of hot 
water? 
Potential Data 
Analysis 
Comparison of observations of the 
celery stem before and after it is 
placed in water 
Creation of a table to notice these 
comparisons 
 
Creation of line graph of temperature 
of containers at 1-minute time points  
Comparison of two lines on the 
graphs 
Potential 
Evidence-Based 
Claim 
Claim: The purpose of a celery stem 
is to hold up the leaves and transport 
water.  
Evidence: Celery stem was flexible 
before it was placed in the water and 
became stiff afterward. The tubes 
inside the stem became red. 
Reasoning: The tubes inside of the 
stem transport the water. The length 
of the stem allows it to hold up the 
leaves.  
Claim: The hot water decreases in 
temperature. The cold water 
increases in temperature until the two 
temperatures are the same. Evidence: 
The hot-water temperature changed 
from X degrees to Y degrees. The 
cold-water temperature changed from 
Z degrees to Y degrees. They both 
reached the same temperature of Y 
degrees at the end. 
Reasoning: Heat energy transferred 
from the hot water to the cold water, 
causing the changes in temperature. 
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 In  addition  to  the  focus  on  these  components  of  the  teaching  practice,  the  course  also  
facilitated  opportunities  to  develop  science  knowledge  for  teaching.  Course  instructors  
introduced  the  claim,  evidence,  and  reasoning  framework  to  interns  through  class  discussion  and  
readings.  The  interns  wrote  several  evidence-based  claims  in  the  class,  discussed  these  claims,  
and  practiced  assessing  sample  student  work  with  evidenced-based  claims.  The  course  also  
included  an  emphasis  on  potential  alternative  ideas  of  elementary  children,  struggles  elementary  
students  might  have  in  engaging  constructing  evidence-based  claims,  and  how  to  develop  a  
content  storyline  across  science  lessons.   
 Opportunities  to  Learn  to  Support  Students  to  Construct  Evidence-Based  Claims  in  
Placement  Classrooms.  The  interns  spent  the  entire  second  year  in  the  same  placement  
classrooms  in  nearby  schools.  In  the  first  semester  of  the  second  year,  interns  spent  one  morning  
and  one  entire  day  in  the  classroom.  During  this  time,  they  were  given  opportunities  to  work  with  
individual  students,  teach  portions  of  lessons  for  their  assignments  for  their  courses,  and  observe  
their  mentor  teachers’  lessons.  The  interns  might  have  had  the  opportunity  to  see  science  
teaching  and  provide  science-teaching  support  to  small  groups,  but  these  opportunities  were  not  
consistent.  The  interns  also  taught  two  assignments  for  the  Science  Methods  Course,  Experience-
in-the-Field  and  Reflective  Teaching,  in  these  classrooms. 
 In the second semester of the second year of the program, interns remained in these same 
classrooms for their student teaching. During this semester, the interns were expected to be in the 
classrooms full time each school day. The interns gradually took responsibility for subjects and 
were required to teach all subjects as full-time teachers for three weeks. During this time, interns 
may have had opportunities to teach science and support students to construct evidence-based 
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claims.  The  interns’  responsibilities  included  planning  and  enacting  an  entire unit. Some interns 
chose to design a science unit, giving these interns more opportunities to focus on the practice of 
supporting students to construct evidence-based claims.  
 Other Opportunities to Learn to Support Students to Construct Evidence-Based Claims 
during the Teacher Education Program. In addition to the specific courses described here, other 
courses throughout the program also connected to elements of supporting students to construct 
evidence-based claims, including planning for science lessons, providing explanations of 
content, and probing student thinking. For example, interns considered how to evaluate 
curriculum materials for teaching in the Teaching with Curriculum Materials Course. This class 
introduced the Lesson Planning Considerations. These Considerations were used throughout the 
program, including the Science Methods Course, to support the interns in adapting lessons plans 
for their classroom context (see Appendix G). The Children as Sensemakers II Course provided 
support for giving explanations of content that were accurate and appropriate. Although these 
learning experiences were less explicit in their connection to the teacher practice of supporting 
students to construct evidence-based claims of natural phenomena, they did lay foundational 
work  for  interns’  abilities  and  knowledge  for  this  practice.  
Participants 
 The participants in this study included the interns in one cohort of an undergraduate 
elementary teacher education program who gave their consent for analyzing coursework for 
research purposes. There were 54 interns enrolled in this program, 53 women and one man. The 
interns had these teaching majors: 46% language arts, 18% mathematics, 7% social studies, 23% 
integrated science, and 7% fine arts. Of these interns, 15% had transferred from another 
institution before entering the teacher education program. The interns self-identified as white 
(86%), Hispanic (3.5%), black (3.5%), and two or more ethnicities/races (7%).  
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The participants were selected in part for their typicality (Stake, 2000). The majority of 
participants were white females who were traditional third- and fourth-year college students, 
which is typical of teachers in the U.S. population (National Center for Education Statistics, 
2008). This cohort was also similar to other cohorts that have completed the same teacher 
education program. For example, the previous cohort had a similar proportion of men to women 
(2:50) and a similar proportion of interns who identified as white. However, as in every instance, 
these interns had distinctive experiences and backgrounds. These particulars enabled these cases 
to be telling of the possibilities that could occur in learning to teach elementary science (Stake, 
2000).  
 A group of five interns from this cohort participated in a series of interviews and 
additional observations. Table 3-5 outlines the self-identified characteristics of these interns. The 
experiences of the five interns represent sub-cases in the larger case of the experiences of the 
entire cohort of interns. These sub-cases allowed a focus on the particular, and these participants 
are called focal interns throughout the dissertation. The five focal interns were purposively 
sampled on the basis of certain similar characteristics (Miles et al., 2014). Four of the five interns 
selected had a teaching major in science. Selecting interns with a teaching major in science 
points to interest in teaching science. This interest suggested that these interns may have had 
more potential to teach elementary science than their peers with other teaching majors. In 
addition, the interns with science majors had taken more university-level science content courses, 
suggesting they have substantive science content knowledge for teaching elementary students. 
The fifth focal intern showed an interest in teaching science during her student teaching, but she 
discussed her concern over her limited knowledge of science, making her an interesting 
comparison to the other cases. Using this sampling technique enabled me to consider the 
variation in learning the practice of supporting  students’  construction  of  evidence-based claims 
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for interns with high interest in teaching science. Although the interns had certain similarities, 
they also brought their unique personal experiences, knowledge, and beliefs. For example, I 
selected interns with a range of experience at the university and in different placement contexts. 
This purposeful sampling should allow me to see what is possible for interns in the context of the 
teacher education program (Miles et al., 2014).  
 
Table 3-5: Self-Identified Characteristics of the Focal Interns 
Name Mr. Cruise Ms. Atkins Ms. Kelly Ms. Michaels Ms. Schuster 
Gender 
 
Male Female Female Female Female 
Race/Ethnicity White White White Asian-
American 
 
White 
Major 
 
Science Science ELA Science Science 
Transfer 
Student 
 
No Yes No No No 
Grade of 
Student 
Teaching 
Placement 
4 4 1 K 5 
 
Study Methods 
 This longitudinal qualitative case study drew on multiple data sources (Merriam, 2009; 
Miles et al., 2014; Saldana, 2003; Stake, 2000). The collection of these data occurred over two 
academic school years, Year One (2012-2013) and Year Two (2013-2014). Table 3-6 provides 
an overview of the timeline for the data collection. The method of longitudinal qualitative case 
studies allowed for in-depth analysis of the changes in teaching practice and knowledge of 
interns over two years in the program. I used these methods to be able to describe the variation in 
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the practice and knowledge of the interns at a specific time point and to consider how the 
practice and knowledge of individual interns changed over time.  
Table 3-6: Timeline for Data Collection 
Year Time Point Data Source 
Year One September Children as Sensemakers I Course 
Week 1: Interview with a student  
Week 2: Read-aloud with a student 
Week 3-4: Interview with a student  
 
 End of Winter 
Semester (April) 
 
Survey  
 
Year Two September-
October 
Year Two Interview I 
 
 October-
December 
Science Methods Course 
Week 1: Standardized Student Assessment 
Week 2: Lesson plan for Engage Element due 
  Week 3: Peer teaching of Engage Element and reflection 
Week 4: Lesson Plan for experience element of Peer Teaching due 
Week 5: Peer teaching of Experience Element  
Week 6: Lesson plan for Explain with Evidence Peer Teaching due 
Turn in Experience-in-the-field Assignment  
Interview 2: Standardized Student Assessment Enactment 
  Week 7: Peer teaching of Explain with Evidence Element and 
reflection 
Week 8: Turn in revised Peer Teaching lesson plan 
Week 9: Survey and Standardized Student Assessment 
Turn in Reflective Teaching Assignment 
Interview 3 
 
   
 Winter Semester Observations of Science Lessons with Focal Interns 
Interview 4 
 
 End of Winter 
Semester (April) 
Interview 5: Standardized Student Assessment 
Year Two Focus Group Interview 5 
Data Collection and Sources 
 The data sources for this study included video-records of practice, lesson plans, 
interviews, surveys, and other class assignments. Most of the data for this study came from 
course assignments and assessments already used in the teacher education program, including 
surveys of teacher knowledge and views, video-records of enactments of class assignments, 
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lesson plans for class assignments, and reflections and written work from class assignments. 
Interviews were conducted two to five times with the focal interns. I also observed the focal 
interns as they taught lessons during their student teaching semester, and I collected field notes 
and video-records of their practice. Table 3-7 provides an overview of these data sources.  
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Table 3-7: Overview of Data Sources for Study 
Data Source Time of 
Collection 
Total Collected Group for 
Analysis 
Purpose of Data 
Video-records of class 
assignments from Children 
as Sensemakers I 
  
Fall 2012 10 video-records 
(2 per focal 
intern)  
Focal interns To  describe  interns’  practice  for  supporting  elementary  
students to construct evidence-based claims  
Video-records of class 
assignments from Science 
Methods Course 
 
Fall 2013 10 video-records 
(2 per focal 
intern) 
Focal interns To  describe  interns’  practice for supporting elementary 
students to construct evidence-based claims 
Survey of Beliefs, 
Knowledge of the Science 
Practice, and Science 
Knowledge for Teaching 
Winter 2013, 
End of 
Science 
Methods in 
Fall 2013 
 
~100 surveys 
(2 per intern) 
All interns  To  describe  interns’  change  in  knowledge  of  the  science  
practice of constructing evidence-based claims; to 
describe  interns’  change  in  knowledge  for  supporting  
students to construct evidence-based claims  
Lessons Plans from Peer 
Teaching and  
Fall 2013 ~300 lesson 
plans (4 per focal 
intern) 
All interns To  describe  interns’  practice  for  planning  for  supporting  
students to construct evidence-based claims; to describe 
change in ability to construct evidence-based claims 
 
Video-records and field 
notes from student teaching  
Winter 2014 17 video-records 
of lessons  
Focal interns To  describe  interns’  practice  for  supporting  students  to  
construct evidence-based claims  
 
Standardized Student 
Assessment 
September 
2013, after 
Methods 
Course 
8 interviews 
(1-2 per focal 
intern) 
Focal interns To  describe  interns’  change  in  practice  for  supporting  
students to construct evidence-based claims; to describe 
change in ability to construct evidence-based claims  
 
Interviews (4 main 
interviews) 
Throughout 
2013-2014 
18 hours 
(2-5 interviews 
per focal intern) 
Focal interns To  describe  how  interns’  describe  their  learning  of  the  
teaching practice of supporting students to construct 
evidence-based claims over time; to  describe  interns’  
change in knowledge for the teaching practice of 
supporting student to construct evidence-based claims 
over time  
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 Video-records of Enactments for Class Assignments. As part of class assignments for 
the Children as Sensemakers I and Science Methods Course, interns submitted videos of their 
enactment of approximations of practice involving supporting students to construct evidence-
based claims for class assignments at their field placements. For approximations of practice in 
the Science Methods Course (e.g., Peer Teaching), I recorded the videos myself. Table 3-8 
outlines the lesson assignments for which I collected video-records of enactments.  
Table 3-8: Class Assignments Requiring Enactments of Practice and Reflections 
Class Assignment Frequency Year and Course 
Interview with a student  2 Year One, Children as Sensemakers 
 
Interactive read-aloud 1 Year One, Children as Sensemakers 
 
Peer Teaching 3 Year Two, Science Methods 
 
Experience-in-the-field 1 Year Two, Science Methods 
 
Reflective Teaching  1 Year Two, Science Methods 
 
 Year One. In Year One, the class assignments involving enactments of practice from the 
Children as Sensemakers I Course included  “interviews with a student” and the “interactive read-
aloud”  assignments. The “interviews  with  a  student” assignment involved eliciting student 
thinking about what makes day and night before and after an interactive read-aloud about the 
phenomenon. During the interview, an intern had a child describe his thinking aloud, write his 
thinking, and model his thinking. The “interactive read-aloud”  assignment  required interns to 
read a book about what makes day and night with the same children. During the read-aloud, 
interns modeled the phenomenon, enabling students to observe how sunlight might hit portions 
of Earth. Both the interviews and interactive read-aloud had protocols developed by the 
instructor  to  support  the  intern’s  moves.  
 Year Two. In Year Two, the interns engaged in three Peer Teaching enactments. These 
enactments were typically 15 to 30 minutes long. During the Peer Teachings, interns enacted 
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portions of investigation-based science lesson with their peers and a teacher educator acting as 
elementary students.  The  student  “role”  required that colleagues act cognitively as if they were 
elementary students but not take on disruptive behaviors. Interns in the role of teacher were 
expected to use the teaching moves, representations, and language they would use with 
elementary students. Interns and teacher educators can pause the lesson to return to a particular 
spot or discuss a problem of practice. The intern and their colleagues acting as students discussed 
the enactment afterward with a teacher educator. Although I collected data for all three 
enactments of the Peer Teaching, I particularly focused on the  “explain  with  evidence”  Peer 
Teaching for analyzing what teaching moves, language, and representations interns use in 
supporting elementary students to construct evidence-based claims. (See Appendix E for a 
description of the assignment.) 
 In Year Two, interns also completed the Reflective Teaching assignment, which required 
interns to plan, teach, and reflect on an entire science lesson involving an investigation. Interns 
selected a lesson from already existing curriculum with their mentor teacher. Interns were 
required to video-record their lessons, which allowed me to consider their enactment of the 
practice of supporting elementary students to construct evidence-based claims. (See Appendix F 
for a description of the assignment.) Because the interns selected lessons based on the school 
curriculum and needs of the students in their placement classroom, these lessons covered a range 
of topics, data analysis, and evidence-based claims (see Appendix F for a summary of the 
Reflective Teaching Lesson of the Focal Interns).  
 Lesson Plans for Class Assignments in Year 2. In Year 2, during the Science Methods 
Course, interns turned in their lesson plans for class assignments. When creating lesson plans, 
interns analyzed lessons from existing materials using criteria from the teacher education 
program. Then, interns used a template from the teacher education program modified by the 
instructors for science lessons. This template is called the “Instructional Planning Template for 
science.”  This template includes a place for interns to write their investigation question and 
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proposed evidence-based claim for the investigation. The template also provides specific space 
for interns to identify learning goals, possible alternative ideas, assessments, and the instructional 
sequence for each of the three elements from the EEE framework (see Appendix I). Interns 
completed this template while co-planning for their Peer Teaching, and they turned in a version 
of the plan before each Peer Teaching. The interns also turned in a revised Peer Teaching lesson 
plan after having completed all of the Peer Teachings. A version of the Instructional Planning 
Template was required for the Experience-in-the-field and Reflective Teaching assignments. 
Table 3-9 provides a complete list of the required lesson plans.  
Table 3-9: Lesson Plans for Science Methods Course Assignments from Year 2, and Their 
Timing  
 
Week Due Lesson Plan 
3 Initial Sketch of Peer Teaching Lesson and Engage Element 
5 Experience Element of Peer Teaching Lesson 
6 Experience-in-the-field Lesson 
7 Entire Peer Teaching Lesson 
8 Revised Peer Teaching Lesson with Assessment Plan 
End of Semester Reflective Teaching 
 Surveys. Interns completed a survey about their knowledge and views for teaching 
science at the end of the first year in the program and after the Science Methods Course. This 
survey was part of the assessments used by the teacher education program. The survey included a 
set of questions about interns’  knowledge for teaching science (see Appendix J).  This  survey’s  
questions required interns to describe science practices and how and why to support students in 
these practices. For example, an item following a scenario describing constructing evidence-
based claims in an elementary classroom asks interns  to  “Name  two  challenges  that  upper  
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elementary grade students may face in constructing an evidence-based claim about these data.” A 
question also asked interns to make an evidence-based claim about a set of data and how they 
would represent these data. Another item focused on how interns would support students in the 
practice of constructing evidence-based claims in the context of elementary classrooms. Other 
items asked interns to construct an evidence-based claim about a set of data. I used this survey to 
learn more  understanding  about  interns’  knowledge  for  the  teaching  practice  of  supporting  
students to construct evidence-based claims. 
 Assessment. Interns engaged in an assessment of their ability to plan for and support 
elementary students in constructing evidence-based claims. This assessment was considered a 
“standardized  student”  assessment  because  interns  engaged an adult acting as a student in 
constructing an evidence-based claim (Appendix K). This adult had a protocol of behaviors, 
responses, and lines of thought to use in interacting with the interns (Boerst, Ball, Shaughnessy, 
Sleep, & Lai, 2012; Sleep & Boerst, 2012). Interns were given a scenario about teaching students 
to construct evidence-based claims including the data collected and student work from an 
“investigation”  in  an  elementary  class. All 54 interns in the cohort planned how they would 
support students to make sense of the data in order to answer the investigation question posed. 
The entire cohort completed this portion of the assessment at the beginning and at the end of the 
Science Methods Course. This acted as pre-assessment and post-assessment for the course.  
 After completing the planning, the focal interns worked with the “standardized  student”  
to construct an evidence-based claim. They could ask questions, write representations, and have 
the student write down their thoughts. After the interaction with the standardized student, interns 
answered questions about the teaching moves they made and their rationale for their choices. The 
focal  interns  interacted  with  a  “standardized  student”  around  this  protocol  at  the  beginning  of  the  
Science Methods Course and  at  the  end  of  the  year.  These  interactions  with  a  “standardized 
student”  occurred  for  the  focal  interns  at  the  beginning  of  the  Science  Methods  Course  and  at  the  
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end of the year. This data source allowed me  to  analyze  interns’  teaching practice in planning for 
and supporting students to construct evidence-based claims in a less complex, more standardized 
setting than an elementary classroom.  
 Observations during Student Teaching. I observed three to five enactments of science 
lessons involving investigations during the student teaching of four of the five focal interns. (The 
fifth intern, Ms. Schuster, did not teach science during student teaching). I video-recorded these 
lessons and took field notes describing the teaching moves of the intern and any discourse I 
could record from student responses. I collected any intern-created material from the science 
lessons. These observations enabled me to describe the interns’ practice for supporting students 
to construct evidence-based claims without the support of the courses. The lessons during student 
teaching included a range of science content, data analysis, and evidence-based claims. See 
Appendix H for a summary of each of these lessons for the five focal interns.  
 Interviews. Researchers interviewed the focal interns five times during Year Two. The 
first interview occurred at the beginning of the school year before interns began the science 
course or within the first week of the course. The second interview occurred during the middle of 
fall semester. The third interview was conducted at the end of the Science Methods Course. The 
final interview was conducted at the end of the winter semester. The interviews lasted between 
45 minutes and an hour. The interviews were transcribed before analysis.  
 These interviews had a semi-structured format with sample questions to be used to probe 
the  interns’  thinking.  I  asked  additional  questions  for  clarification  or  to  follow  up  on  an  idea  or  
line of thinking (Weiss, 1994). (See Appendix L for the interview guide.) I designed the 
interview  questions  to  probe  deeper  into  interns’  knowledge  for  supporting  students  to  construct  
evidence-based claims. For this purpose, a set of questions asked interns to describe practices 
that they would use in supporting students to do this work and why the intern would use these 
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practices.  To  more  closely  understand  interns’  thinking,  a  set  of  interview  questions  were  
specific to particular time points when interns might engage in supporting the construction of 
evidence-based claims. 
  The interviews’  purpose  was  to  capture  how  interns  describe  their  learning  of  supporting  
elementary students to construct evidence-based claims. All the interviews included a set of 
questions  asking  about  the  interns’  learning  over  time  in  the  teacher  education  programs. In 
addition, individual interviews were designed to ask about learning in the specific courses and 
experiences that are a focus of this study.  
 Other Course Materials. I collected other course materials from the Children as 
Sensemakers I Course and Science Methods Course relevant to the study, such as syllabi, in-
class work, reflections on assignments, and representations of practice used in class. I used these 
materials to support the findings of other data collected.  
Data Coding and Analysis 
 To answer research question 1, which focused on how the interns’ knowledge and 
teaching practice for supporting elementary students to construct evidence-based claims change 
over time, I characterized the interns’ lesson plans, video-records, and assignments to describe 
changes in their teaching practice and corresponding knowledge for supporting elementary 
students to construct evidence-based claims about natural phenomena. To answer research 
question 2, which focused on how the interns described the change in their knowledge and 
teaching practice for supporting elementary students to construct evidence-based claims, I 
characterized how the interns describe their learning of the knowledge and practice on the basis 
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of emergent themes from their interviews. This section describes the coding schemes and 
analyses used to answer the research questions.  
 Question 1 Analysis. To answer research question 1 - “How  did  the  interns’  teaching  
practice and corresponding knowledge for supporting elementary students to construct evidence-
based  claims  about  natural  phenomena  change  over  time?” - I used two main coding schemes. 
The first coding scheme characterized the teaching moves used for supporting learning to 
construct evidence-based claims that interns included in their lesson plans and used in their 
interactions with students. The second coding scheme considered the quality of the lesson or 
interaction  with  students.  I  also  characterized  interns’  science  knowledge  for  teaching  as  
represented in their surveys and assignments throughout the program.  
 Coding Scheme for Describing Teaching Moves. I developed a set of coding schemes 
for describing the teaching moves that interns used to support their students in constructing 
evidence-based claims in science (see Table 3-10, Table 3-11, and Table 3-12). These coding 
schemes were based on examples in the literature (e.g., Erduran et al., 2004; Lizotte et al., 2004; 
McNeill, 2009, 2011; Zembal-Saul et al., 2013). Teaching moves described in the literature that 
resulted in missed opportunities for supporting students in engaging in the practice (e.g., 
lowering the cognitive demand through closed-ended questions) were also included in this 
coding scheme (McNeill, 2009; Stein et al., 1996; Zangori & Forbes, 2013). I also added other 
emergent codes to the coding scheme on the basis of patterns seen in the lesson plans and 
enactments.  For  example,  I  added  the  code  “Only  considers  portions  of  the  data”  because  I  saw  
several examples where interns did not support students to consider all of the data when making 
claims.  
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Table 3-10: Coding Scheme for Teaching Moves That Support Students in Learning to Analyze the Data to Reveal Patterns and 
Relationships 
Codes  Definition Examples  
Analyze the data to 
reveal patterns and 
relationships 
The intern supports students to identify 
patterns/relationships in the data 
Asks students what patterns they see in the data; checks 
for students understanding; uses representations to show 
patterns in the data; underscores the patterns in a 
representation 
 
Highlight implicit 
features of 
representations  
The intern highlights the features of a 
representation that may not be explicit for 
students through asking questions of students or 
pointing them out as the learners work  
Points out difficult aspects of a representation (e.g., axes, 
perspective); highlights differences among 
representations, (e.g., a physical model vs. a paper 
model); calls attention to the units in the representation; 
provides rationale for the representation 
 
Make connections 
between 
representations and 
investigation  
The intern makes connections between the 
investigation question, how the data were 
collected, the data collected, and the 
representation  
 
Reminds students of investigation question; asks about 
how the data were collected; has students pull out their 
data; asks where pieces of the data are in their 
representation 
Provide rationale for 
justifying  one’s  claim  
with the evidence 
The intern provides a rationale for justifying 
one’s  thinking,  describing  the  need  for  accurate  
and sufficient evidence  
Discusses the need for accurate and sufficient data to 
support claims; discusses the need to include all data 
collected in their claims 
 
Require students to 
justify their thinking 
 
The intern requires students to think about 
justifying their thinking 
Discusses whether evidence collected is appropriate and 
sufficient; discusses the need to include all data collected 
in their claims 
 
Probe student thinking The intern asks the students to share more of 
their thinking 
Asks students to share thinking about what happened after 
investigation is completed, asks why; asks what makes 
them think that 
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Table 3-11: Coding Scheme for Teaching Moves That Support Students to Make Claims Justified by Evidence and Reasoning 
Code Description Examples 
Considers 
alternative claims 
The intern poses an alternative claim for 
the data or allows students to offer 
alternative claims. 
Asks if other students disagree with a claim provided; 
suggests a possible alternative claim for the data; allows 
students to share other interpretations of the data 
 
Provides structure 
with rationale 
The intern describes the parts of an 
evidence-based claim and gives a rationale 
for including elements. 
Describes what a claim is and provides rationale for 
claim; describes what evidence is and provides rationale 
for evidence 
Uses supports for 
structure  
The intern uses a set of supports for using 
the structure of evidence-based claims. 
Provides sentences frames; provides verbal reminders; 
allows students to work in pairs/groups 
Supports to make 
claims 
The intern supports students to make and 
share evidence-based claims. 
Students verbally share claims; students write claims; 
intern probes for evidence 
Provides feedback 
for claims 
The intern provides students with informal 
or formal feedback about their claims. 
Praises claim in whole-class setting; comments on claim 
to individual; writes comments on claim 
Connects to prior 
knowledge 
The intern connects the construction of 
evidence-based  claims  to  students’  prior  
knowledge. 
Discusses  students’  prior  knowledge or experiences; 
reminds students of their experience in 
investigation/question; compares predictions to claim 
Connects to 
reasoning/scientific 
principle 
 
The intern connects the claim to reasoning 
or larger scientific principles. 
 
Discusses connections to other principles from the class; 
describes what the larger principle is; connects larger 
principle to everyday phenomena 
Supports students to 
connect ideas 
 
The intern supports students to add to or 
build onto one another's ideas 
Discusses claims as whole group;  
Asks students if they agree or want to add on 
Extends to another 
situation 
The intern has students answer another 
question connected to the claim.  
Gives the students a different example to think about; 
Asks students to answer a written follow-up question  
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Table 3-12: Coding Scheme for Missed Opportunities for Supporting Students to Construct Evidence-Based Claims 
Codes Definition Examples 
Does not consider alternative 
claims 
The intern does not attend to alternative claims 
offered by students 
 
Tells a student their claim is not correct 
Gives space for only one claim to be shared 
 
Ignores inconsistencies in the 
data 
The intern ignores inconsistencies in 
the data 
Gives student different data rather than discussing 
inconsistency 
Changes the data 
  
Asks a closed-ended question 
that limits the reasoning and 
thinking required by the student 
The intern uses only closed-ended 
questions that provide students with 
the thinking rather than requiring 
students to do this work 
 
Uses closed-ended question that shuts down student 
thinking by giving away the reasoning 
Asks leading questions that seem to have only one 
answer 
 
Does the intellectual work for 
justifying claims with evidence 
and reasoning. 
 
The intern tells the student the 
evidence or reasoning rather than 
having the student do this work  
The teacher states the claim rather than asking; teacher 
states evidence rather than asking 
 
Does the intellectual work in 
analyzing the data 
 
The intern reveals the pattern or gives 
the  justification  for  a  student’s  
thinking when the student could do 
this work  
Does the mathematical work of finding the pattern when 
the student could do this 
Makes connections rather than supporting students to do 
this work 
 
Encourages confusing ideas  The intern encourages a confusing 
idea about the content or practice  
Asks a closed-end, leading question that includes an 
alternative idea 
Tells students they are correct when they give an 
alternative idea  
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 To apply these coding schemes to the lesson plans, I divided the instructional sequence 
of the lesson plans into steps, usually a new bullet in the lesson. For each step, I coded for the 
presence  or  absence  of  a  teaching  move  or  missed  opportunity.  For  example,  an  intern’s  lesson  
plan might include a step where the teacher asks the other students in the class if they agree with 
what  is  said;;  this  step  is  coded  as  “supports  students  to  connect  ideas.”  To  apply  these  same  
coding  schemes  to  the  interns’  enactments  of  lessons, I divided the videos into two-minute 
segments  drawing  on  Borko  and  colleagues’  (2008) discussion that this length of time enabled 
analysis of teaching practices. Using partial-interval time sampling, I coded each two-minute 
segment for the presence or absence of each teaching move or missed opportunity.  
 Coding Scheme for Quality of Support. In addition to describing the types of teaching 
moves the interns used, I also developed coding schemes for the quality of support provided to 
students in constructing evidence-based claims based on the literature and the expectations set 
forth  in  the  program  courses  regarding  this  teaching  practice.  For  example,  the  “meets  
expectations”  codes  for  making  claims  justified  by  evidence  and  reasoning  match  the  
expectations outlined in the EEE framework,  which  were  used  to  evaluate  the  interns’  teaching  
during the course. These coding schemes considered three areas: science knowledge for 
teaching, support for analyzing data to reveal patterns and relationships, and support for making 
claims justified by evidence and reasoning (see Table 3-13, Table 3-14, Table 3-15). Each of the 
interns’  lesson  plans  and  enactments  of  lessons  were  coded  with  these  schemes  holistically.  In  
this case, I considered both the strengths and challenges of each lesson in terms of supporting 
students to construct evidence-based claims.  
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Table 3-13: Coding Scheme for Considering the Quality of Science Knowledge for Teaching 
Code Possible Teaching Moves Interns Use 
Exceeds 
expectations 
x Discusses  the  “big  idea”  or  mechanism  thoroughly 
x Presents all content accurately 
x Clarifies confusing items of content  
x Connects content to everyday experiences 
 
Meets 
expectations 
x Presents all content accurately 
x Mentions  “big  idea”  or  mechanism   
x Does not use problematic terms 
  
Partially 
meets 
expectations 
x Does not mention big idea or mechanism  
x Uses problematic terms 
x Presents content fairly accurately 
 
Does not meet 
expectations 
x Uses inaccurate descriptions to explain scientific phenomenon 
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Table 3-14: Coding Scheme for Quality of Support for Analyzing the Data to Reveal Patterns 
and Relationships 
Code Possible moves of the intern 
Exceeds 
expectations 
x Engages students in the intellectual work 
x Engages students in the creation and use of a representation that supports 
students to analyze the data to reveal patterns and relationships that 
answer the investigation question 
x Draws on data that is representative of all the data 
x Uses a representation that is well labeled and easy to follow  
x Supports the students to see why and how the representation fits the data 
x Makes implicit parts of the representation explicit  
x Acknowledges and discusses anomalous data 
 
Meets 
expectations 
x Engages students in the intellectual work. 
x Engages the students in creating the representation (teacher can do the 
writing or students can do it on their own) 
x Uses a representation that supports students to identify a 
pattern/relationship or  see  something  that  is  “invisible”  about  the 
phenomenon  
 
Partially 
meets 
expectations 
x Engages students somewhat in intellectual work 
x Selectively chooses data to fit the pattern they want to see 
x Discusses a clear pattern or relationship related to the goal of the lesson, 
but representation that would be useful is not provided  
x Provides a representation with patterns and does not make clear how 
representation was created, but uses representation to support student 
thinking 
 
Does not meet 
expectations 
x Does not engage students in the intellectual work  
x Tells students answers 
x Uses a representation that is confusing for the student (obvious from 
classroom interactions that the student cannot follow) 
x Uses a representation that neither supports the student to see patterns in 
the data nor supports the student  to  see  something  that  is  “invisible”  
about the phenomenon  
x Does not provide a representation or a discussion of patterns 
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Table 3-15: Coding Scheme for Considering the Quality of Support for Constructing an 
Evidence-Based Claim 
Code Possible Teaching Moves of the Intern 
Exceeds 
expectations 
x Supports the students to make an accurate claim that addresses the 
investigation question  
x Supports students to identify evidence/reasoning for claim based on all 
relevant data (e.g., a pattern is identified from the three groups) 
x Discusses with students the mechanism of the phenomenon (e.g., where 
the  salt  “goes”) 
x Supports students to evaluate on the basis of the evidence and 
reasoning 
 
Meets 
expectations 
x Supports the students to make an accurate claim that addresses the 
investigation question 
x Supports students to connect evidence to the claim 
x Discusses one piece of evidence and one piece of reasoning or multiple 
pieces of evidence to support claim 
 
Partially meets 
expectations 
x Supports students to make an accurate claim (this claim may not 
address the investigation question directly or include all of the data) 
x Supports claim with one piece of data or one piece of reasoning  
x Does the intellectual work for the students by naming pieces of the 
evidence or reasoning 
x Asks closed-ended questions 
 
Does not meet 
expectations 
x Does the intellectual work for the student by telling the answer 
x Does not check for understanding  
x Identifies an inaccurate claim or does not connect claim to evidence 
 
 Coding for Science Knowledge for Teaching. In considering each intern’s  science  
knowledge for teaching, I looked at their science content knowledge and their pedagogical 
content knowledge. To describe the  interns’  science  content  knowledge,  I  focused  on  their  
ability to construct accurate evidence-based claims by coding the evidence-based claims they 
wrote on assignments and surveys using the coding scheme in Table 3-16. Based on McNeill 
and Krajcik (2012)’s  coding  scheme,  each  evidence-based claim was coded for the quality of 
the claim, evidence, and reasoning.  
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Table 3-16: Coding Scheme for Interns' Evidence-Based Claims from McNeill & Krajcik 
(2012) 
Score Claim Evidence Reasoning 
1 Does  not  make  
claim,  or  makes  
inaccurate  claim. 
Does  not  provide  evidence,  
or  only  provides  
inappropriate  evidence  (that  
does  not  support  claim). 
Does  not  provide  reasoning,  or  only  
provides  inappropriate  reasoning. 
2 Makes  an  
accurate  but  
incomplete  
claim. 
Provides  appropriate  but  
insufficient  evidence  to  
support  claim.  May  include  
some  inappropriate  
evidence. 
Provides  reasoning  that  connects  the  
evidence  to  the  claim.  May  include  
some  scientific  principles  or  
justification,  but  it  is  not  sufficient. 
3 Makes  an  
accurate  and  
complete  claim. 
Provides  appropriate  and  
sufficient  evidence  to  
support  claim. 
Provides  reasoning  that  connects  the  
evidence  to  the  claim.  Includes  
appropriate  and  sufficient  scientific  
principles  to  explain  why  the  
evidence  supports  the  claim. 
 Four questions from the end of year one survey were coded using an open coding 
scheme to characterize the  interns’  pedagogical content knowledge for teaching connected to 
the focus teaching practice. I developed the codes on the basis of categories from the research 
base (e.g., McNeill, 2009; Wu & Krajcik, 2006; Zembal-Saul et al., 2013) and added emergent 
codes from the answers on the survey. The coding unit was a response from an intern on the 
survey.  
 Inter-Rater Reliability. To ensure trustworthiness of the claims, a second researcher 
coded 10% of the data using the coding schemes. For the teaching moves scheme, the two 
coders reached an inter-rater reliability of greater than 90% agreement. For the quality coding 
schemes, the two coders  reached  a  Cohen’s  Kappa  of  greater than .65 on all three schemes. This 
magnitude suggests substantial agreement. In each case of disagreement, the researchers 
discussed and came to agreement. 
 Analyses for Research Question 1. Drawing on the multiple analyses  of  the  interns’  
lesson plans, enactments, surveys, and assignments, I considered change over time for the entire 
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cohort during the program. For the entire cohort, I analyzed how each of the subpractices and 
science knowledge for teaching changed separately, and then I looked for similarities across 
these areas. At each stage of identifying patterns, I also considered disconfirming evidence that 
existed (Maxwell, 2005). Throughout the coding and analyses, I wrote analytical memos to help 
clarify and consolidate my thinking about the findings (Merriam, 2009). 
 To describe the change over time for the entire cohort in the subpractice of supporting 
students to analyze the data to reveal patterns and relationships, I aggregated the coding of 
teaching  moves  used  in  the  focal  interns’  enactments  and  the  entire  cohorts’  lesson plans 
connected to this subpractice for each time point (e.g., during Children as Sensemakers, for the 
Reflective Teaching assignment). I also aggregated the coding of quality for supporting students 
to analyze the data to reveal patterns and relationships for these same data sources for the same 
time points. Then, for each time point, I compared these aggregations to see if patterns arose in 
the strengths or weaknesses of the support that the interns provided or planned to provide 
students for analyzing data to reveal patterns and relationships. I also considered my written 
memos and any survey data or assessment data that existed at the particular time point.  
 I then entered this information into a matrix (Miles et al., 2014) to see if change 
occurred over time in the strengths and weaknesses of support provided by the interns. This 
matrix  allowed  me  to  see  areas  of  growth  and  stagnation  in  the  interns’  practice  over  time.  I  
used a similar strategy for the subpractice of supporting students to make a claim justified by 
evidence and reasoning and for the science knowledge for teaching of the entire cohort.  
 In considering the changes over time for the focal interns, I developed a set of matrices 
that were similar to ones created for the entire cohort to look for their strengths, struggles, and 
growth over time. For example, I aggregated teaching moves used and quality of their 
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enactments at each of three time points: before the Science Methods Course, during the Science 
Methods Course, and during student teaching. I entered these aggregations into a matrix. 
Through this matrix and using my analytical memos, I developed representations of each 
intern’s  practice  at  particular  time  points  in  the  program.  Then,  I  placed  these  representations  
next to each other to see the changes over time of each intern as well as their areas of strength 
and struggle. In analyzing the trajectory of each focal intern, I also drew on the analyses of the 
interview data described in the subsequent section.  
 Coding and Analyses for Research Question 2. Research Question 2 focuses on the 
interns’  understanding  of  their  knowledge  and  practice,  requiring  the  researcher  to  look  at the 
data from the  participant’s  perspective  rather  than  from  the  outside. I  coded  the  interviewees’  
own descriptions of changes in their knowledge and ability by taking on an emic perspective. 
Therefore, rather than having a set of planned codes (with the possibility of adding emergent 
codes) as planned for the other research question, I looked for patterns in the  interns’  responses,  
allowing the identification of emergent codes. To do this, I first identified chunks of the 
interviews in which interns described the change in their practice or knowledge for supporting 
students to construct evidence-based claims. I broke these chunks into meaning units, usually a 
question and response. Then I jotted down initial thoughts to summarize what the interns might 
be suggesting in each meaning unit. Then I looked for patterns in these initial jottings to identify 
emergent codes (Weiss, 1994).  
 From the open coding, I identified four sets of themes around the research question, 
“How  do  interns  describe  how  and  why  their  teaching  practice  and  corresponding  knowledge  
for supporting students to construct evidence-based  claims  changed  over  time?”  These  four  
themes included (a) change in knowledge, (b) change in teaching practice, (c) why the change 
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occurred, and (d) to what the  intern  attributes  the  change.  “Change  in  knowledge”  refers  to  the  
interns describing  how  their  knowledge  has  change  since  they  started  the  program.  “Change  in  
teaching  practice”  marks  how the interns describe how their practice (what they do in a 
classroom)  has  changed.  “Why  the  change  occurred”  included  to what the interns attributed the 
change  in  their  learning.  “Where  the  intern  attributes  the  change”  represents  the  location  to  
which the intern attributes their learning. Table 3-17, Table 3-18, Table 3-19, and Table 3-20 
describe the coding scheme related to these themes. I applied these codes to the transcripts to 
reveal patterns in individual’s  description  of  their  change  in  knowledge  and ability (Weiss, 
1994). 
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Table 3-17: Interview Coding Scheme for Theme of Change in Knowledge 
Codes Code Description Example 
Knowledge 
of students’ 
thinking 
Intern describes how they now have 
new knowledge about how children 
think or learn 
I think I learned that [children] have so 
many different misconceptions, just 
based off what they see or what they 
think they see.  
  
Knowledge 
of  students’  
capabilities 
Interns describe how they now have 
new knowledge about what children 
are able to do 
Some of the videos we watched were 
actually from a first-grade class, and 
they  were  able  to  do  it,  so  I  was,  “Okay. 
If  they  can  do  it,  my  kids  can  do  it.”   
  
Knowledge 
of pedagogy 
(general 
education) 
Intern describes how they now have 
new knowledge of how to support 
learning, such as in managing a class 
or lesson planning 
 
I  guess  to  be  a  lot  more  aware  of…  to  
knowing the type of direction that needs 
to be given to children, and how much 
Knowledge 
of realities of 
classroom 
Intern describes how they now have 
new knowledge of what occurs in 
elementary classrooms 
Being in the program has exposed me to 
some of the realities that are in the 
classroom, just through being in the 
field. There  are  some  aspects  that  I’m  
challenged by. 
 
Knowledge 
of science  
Intern describes how they now have 
new knowledge of the science 
content or practices 
The first thing I learned is that [science 
is] actually really hard to understand. 
That concept is difficult. 
 
Knowledge 
of teaching 
science 
Intern describes how they now have 
new knowledge of how to teach 
science  
Just knowing and understanding what 
good science teaching and practice 
looks like encourages me to [want to] 
do that in my own classroom. 
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Table 3-18: Interview Coding Scheme for Theme of Change in Practice 
Codes Code Description Example 
Probing student 
thinking 
Intern describes that she would now 
ask additional questions about student 
thinking 
That class really taught me how 
to  probe  children’s  thinking … 
like,  “What  made  you  think  that?” 
 
Managing a class Intern describes that she would be 
better able to organize the materials 
and interactions in the classroom 
 
I would not have had the 
management skills that I do now.  
Supporting 
students to do the 
intellectual work 
Intern describes how she would now 
push students to do the intellectual 
work rather than doing the work for the 
students 
 
If  you’re  engaging  other  things,  
have that discovery be an answer, 
as opposed to just telling you 
what’s  going  on. 
Using explicit 
language 
Intern describes how she would use 
more explicit language in teaching 
students (e.g., using scientific 
terminology accurately) 
 
There really are many terms that 
are used in everyday language 
that  don’t  have the same meaning 
as what they do in science 
 
Being more 
confident, 
comfortable, or 
flexible 
Intern describes how she feels more 
confident, comfortable, or flexible 
when working with elementary 
children 
 
I feel more confident and I feel 
like I can actually teach. 
Planning Intern describes how her ability to plan 
for supporting students in constructing 
evidence-based claims has improved 
 
You  have  to  make  sure  you’re  all  
planned out in your lesson. 
You’re  presenting  in  a  way  that  
the student can fully understand. 
Scaffolding 
students 
Intern describes how she has learned to 
scaffold learning for students. 
With kids, there has to be a lot of 
scaffolding 
 
Incorporating 
Claim-Evidence-
Reasoning  
Intern describes how she would 
incorporate the claim, evidence, and 
reasoning framework into teaching 
To teach how to do claims with 
evidence in a low-pressure 
situation, which was then helpful  
  
Making 
connections 
Intern describes how she makes 
connections across concepts or lessons 
Constantly be drawing 
connections, like what concept 
are we talking about? 
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Table 3-19: Interview Coding Scheme for Theme of Why the Change Occurred 
Codes Code Description Example 
Discussion in class The intern attributes her learning 
to the discussions that occurred 
in class. 
Before I took this science course, I 
didn’t  really  even  know  what  claims  
with  evidence  was  ‘cause  I  don’t  
remember doing that in school at all. We 
extensively talked about it in the class. 
 
Approximations of 
practice 
The intern attributes her learning 
to the work he did for 
approximations of practice. 
[Peer Teaching] was helpful because it 
happened in an environment where it 
was totally fine. Then  I  was,  “Okay. I 
planned  for  this  one,  but  it  wasn’t  
enough.” 
 
Decomposition of 
practice 
The intern attributes her learning 
to decomposing the elements of 
the practice. 
Really picking that thinking apart, and 
[the] thinking [that] happens in planning 
lesson plans 
 
Representation of 
practice 
The intern attributes her learning 
to the representations of practice, 
such as videos or lesson plans. 
Just some of the videos, seeing how the 
teachers analyze the data, I thought it 
was helpful. 
 
Reflections on 
teaching 
The intern attributes her learning 
to how she reflected on her own 
teaching.  
We got to analyze what we were doing 
and in the beginning it was almost like 
miserable watching yourself. It's like, 
"Oh my gosh, what am I doing? This is 
terrible." Then that started making us 
think about what we were doing in the 
field, and just learning from those 
experiences that when we did change, 
we got better results. 
 
Interactions with 
students 
The intern attributes her learning 
to the interactions she had with 
elementary children 
I just got to talk to kids and listen to 
what they had to say. 
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Table 3-20: Interview Coding Scheme for Theme of Where the Intern Attributes the Change 
Codes Code Description Examples 
Course in the program Interns attribute their learning to 
courses in the program 
Science methods, math 
methods, Children as 
Sensemakers 
Other experiences as a 
student 
Interns attribute their learning to 
other experiences as a student 
University science course, 
high school science course 
 
Experiences in the field Interns attribute their learning to 
experiences in the field 
Field placement, watching the 
mentor teacher teach 
 
Other experiences with 
elementary children 
Interns attribute their learning to 
other experiences with 
elementary children 
Baby-sitting, substitute 
teaching, camp counselor  
 After  applying  the  coding  schemes  to  the  identified  meaning  units  from  the  interns’  
interviews, I compiled the coding for each intern into a single matrix. I looked for similarities 
and differences in the coding for each intern to see common patterns as well as possible areas of 
new growth over the program. This allowed me to name themes that emerged for each intern in 
how they described the change in their knowledge and practice over time (Merriam, 2009; 
Weiss, 1994). Then I considered how these themes match or did not match what I found in the 
coding of the lesson plans and enactments of lesson in order to develop a more complete picture 
of  each  intern’s  trajectory.   
Conclusion 
 This chapter described the research context, participants, and methodological approach 
used in this study. This study used a longitudinal qualitative case-study design to investigate the 
change  in  the  interns’  practice  and  corresponding  knowledge  for  supporting  elementary  students  
to construct evidence-based claims of natural phenomena over the course of a two-year practice-
based teacher education program. To code the data, I developed coding schemes for lesson 
plans and enactments of lessons in elementary classrooms, as well as other course assignments 
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and surveys based on the literature and on emergent codes. I also drew on the interviews with 
five focal interns to answer the research questions and triangulate the findings.  
 The next four chapters present the results of my analyses. Chapters 4, 5, and 6 consider 
the change over time for the entire cohort as seen in the lesson plans, assessments, surveys, and 
video-records of practice. In Chapter 4, I focus on the subpractice of supporting students to 
analyze the data to reveal patterns and relationships. That chapter looks at the strengths and 
struggles of the interns for this subpractice at particular time points, and then it considers how 
these strengths and struggles change over the two years in the program. Mirroring Chapter 4 in 
structure, Chapter 5 focuses on the change in subpractice of supporting students to make claims 
justified by evidence and reasoning for the entire cohort. Similarly, Chapter 6 considers the 
change  in  the  entire  cohort’s  science  knowledge  for  teaching  associated  with  constructing  
evidence-based claims of natural phenomena. Chapter 7 describes the trajectory of each focal 
intern in the teaching practice of supporting students to construct evidence-based claims by 
considering the analyses of the two subpractices and science knowledge for teaching along with 
the themes that emerged from the interviews. Chapter 7 ends by considering the similarities and 
differences among the trajectories of the focal interns.   
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CHAPTER 4 
SUPPORTING ELEMENTARY CHILDREN TO ANALYZE THE DATA 
TO REVEAL PATTERNS AND RELATIONSHIPS 
 In this chapter, I discuss the interns’ support for elementary children to analyze the data 
to reveal patterns and relationships and justify and share their thinking about these patterns 
across the program. This subpractice entails supporting students to organize the data that they 
collected and to interpret the organized data to identify patterns and relationships. It also 
includes facilitating students to share their ideas about the patterns and justify why they think 
they see these patterns in the data.  
 The analyses of the lesson plans, assignments, assessments, surveys, and enactments of 
lessons suggested that, over the two years in the program, the interns showed growth in their 
ability to support students to analyze the data to reveal patterns and relationships. However, the 
interns varied in their planning for and enactment of this practice. In the first month of the 
program, during the Children as Sensemakers I Course, the focal interns were able to support 
student in analyzing a representation to make sense of a natural phenomenon, yet some interns 
struggled in probing students’ thinking. During the Science Methods Course in the fall of the 
second year, the interns typically planned for and enacted high-quality support for students to 
analyze data and share their thinking, especially on the Peer Teaching Assignment. During 
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student  teaching,  consistencies  arose  in  each  focal  intern’s  support  for  analyzing  data  to  reveal  
patterns  and  relationships  across  the  lessons  they  taught.  In  this  section,  I  describe  the  interns’  
support for this subpractice during year one of the program, during the Science Methods 
Course, and during student teaching. The chapter ends with a discussion of the changes seen 
across these time points. 
Before Science Methods: Beginning to Support Students to Analyze the Data and Share 
Thinking 
 During the first year in the program, the interns typically showed potential in their 
ability to use representations to facilitate student thinking. Some of the interns seemed to 
develop their practice in probing student thinking and requiring children to do the intellectual 
work, yet the interns varied in developing representations that would support student 
understanding of how to analyze data to reveal patterns and relationships.  
Children as Sensemakers I Enactment: Supporting Students with Representations  
 During their read-aloud with a lower-elementary child in their Children as Sensemakers 
I Course, all five of the focal interns worked to make explicit implicit elements of the 
representations in the book and to make connections across representations. For this assignment, 
the interns used a protocol that called for helping students to understand the representations (see 
Chapter 2 for a more complete description). The interns showed fluency in incorporating these 
teaching moves into their interactions with the children. In addition, the interns tended to probe 
students’  thinking. However, they struggled in other ways. For example, some of the interns 
tended to do aspects of the intellectual work for the students. Nonetheless, four of the five 
interns also supported the children to do the intellectual work of naming the pattern revealed 
through the representations and received a score of "meets expectations" in the quality of 
support for analyzing the data to reveal patterns and relationships.  
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 The interns made explicit the implicit elements of the representations during their read-
aloud of the book What makes day and night in multiple ways. When looking at a 
representation, Ms. Atkin asked the child she worked with, “Can  you  tell  me  where  you  think  
the  sun  would  be?” The child pointed out the appropriate location of the sun 
[A_CaSM_Reading]. Ms. Kelly asked the child she worked with a similar question: “Where is 
the  sun  coming  from?”  [K_CaSM_Reading]. This work facilitated  the  child’s  understanding  of  
this representation through identifying an implicit feature of the representation, given that the 
sun is not represented in the picture. In this same representation, Mr. Cruise made it clear they 
were looking at the representation  from  the  angle  of  the  North  Pole,  asking,  “Where would the 
North  Pole  be?”  [C_CaSM_Reading]. 
  In addition to working with representations in the book, the interns used a physical 
model to support student understanding: a Play-Doh ball (representing Earth) placed on a 
pencil, and a flashlight (representing the sun). The interns also made implicit features of this 
model more explicit. For example, Ms. Michaels pointed out that  “the  pencil  just  enables  us  to  
spin  our  model.”  Ms.  Schuster  consistently made it clear that the toothpicks inserted into Earth 
represented people [S_CaSM_Reading]. All of the focal interns worked to name what the Play-
Doh and flashlight represented when discussing the model with their students.  
 The interns also supported students to make connections across the representations (e.g., 
the diagram representations in the book and the model) in order to make sense of the patterns 
described in the text. Interns oriented their students to see how the model and the diagram in the 
text were related. After reading that the reader was looking at the picture in the book from high 
above  the  North  Pole,  Ms.  Schuster  asked,  “Where would we be if we were high above the 
North  Pole  [in  the  model]?”  The  child  responded  by  pointing  above  the  “North  Pole”  of  the  
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model [S_CaSM_Reading]. The interns also had the students use their model to make it look 
like the diagram in the text. Ms. Kelly held the model in a particular way and asked, “Which 
picture  do  you  think  this  one  is?” The student was able to identify the appropriate diagram in 
the book [K_CaSM_Reading].  
 Most of the interns used the representations in the book and the model to support 
students to notice the pattern that as Earth turns, day and night occur. Ms. Kelly, Mr. Cruise, 
Ms. Schuster, and Ms. Atkin facilitated their students to describe that as Earth spun, the people 
in the representations moved in and out of the sunlight, going from day to night and back again. 
For  example,  Ms.  Atkin’s  student  held  the  pencil  and  spun  the  Play-Doh ball, showing how the 
people  went  “from  day  to  night  and  then … day  again”  [A_CaSM_Reading]. However, unlike 
the four other interns, Ms. Michaels described and showed the pattern to the student she worked 
with without engaging the student in the intellectual work. Ms. Michaels turned the model for 
the  student  she  worked  with  and  said,  “Sunrise,  and  then  we’re  at  day,  and  then,  [night]”  
[M_CaSM_Reading]. In this interaction, Ms. Michaels seemed to allow the student she worked 
with to sit patiently while she described what was going on and used the materials. Like Ms. 
Michaels, Ms. Atkin also did aspects of the intellectual work for her student by describing how 
Earth spun to cause day and night, without allowing the student to share her thinking about the 
phenomenon afterward.  
 Four of the five focal interns also asked follow-up questions that allowed them to probe 
their  students’  thinking  about  the  patterns they discussed. Mr. Cruise followed up with the 
question,  “Where  do  you  think  we  live?”  when  the  child  commented  that he did not think we 
lived  on  the  “dirt”  or  “brown  stuff”  in  the  picture  of  Earth [C_CaSM_Reading]. Ms. Atkin 
asked,  “Why did you pick that  one?”  when  the  child  pointed  out  which  picture  represented  
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daytime [A_CaSM_Reading]. When the child said, “It’s  nighttime,”  Ms.  Schuster  probed  with  a  
question, “Why?”  [S_CaSM_Reading].  Ms. Michaels asked, “Where  [is  the  sun]?”  when  the  
child said that she could see the sun in the picture [M_CaSM_Reading]. However, sometimes 
the questions that the interns asked were closed-ended questions that may not require the 
children to share more of their thinking. Examples of  these  questions  included,  “Which picture 
represents  daytime?”  [S_CaSM_Reading] and “Is it nighttime, now?”  [M_CaSM_Reading], but 
the interns did not ask the students to give reasoning for why the picture represented daytime or 
nighttime. These questions do not require students to share their reasoning or to do the 
intellectual work involved in considering the pattern involved in the phenomenon.  
 In conclusion, the focal interns showed several strengths in their ability to support 
students with representations to consider the patterns involved in the phenomenon of what 
makes day and night. As shown in Table 4-1, all of the focal interns made implicit features of 
the representations they used more explicit for their students and connected the different 
representations they used to each other. The  interns  also  tended  to  probe  their  students’  thinking  
by asking follow-up questions, yet the questions they asked often did not elicit the entirety of 
the  children’s  reasoning.  Moreover,  one  intern  (Ms.  Michaels)  did  most  of  the  work  of  
explaining what was going on in the representations, preventing the student from having the 
opportunity for sense making; she received a score of "partially meets expectations" for the 
quality of support for analyzing the data to reveal patterns and relationships.  
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Table 4-1: Teaching Moves Used and Quality for Supporting Students to Analyze the Data to 
Reveal Patterns and Relationships during Children as Sensemakers Read-Aloud 
 Ms. 
Kelly 
Ms. 
Atkin 
Mr. 
Cruise 
Ms. 
Michaels 
Ms. 
Schuster 
Makes implicit features of the 
representation clear 
 
X X X X X 
Connects representations to each 
other 
 
X X X X X 
Supports the child to analyze and 
interpret the data 
 
X X X  X 
Probes student thinking  
 
 X X X X 
Does not do the intellectual work 
involved in analyzing and 
interpreting the data 
 
X  X  X 
Does not ask leading question that 
provides the reasoning  
 
   X X 
Quality in terms of the expectation Meets Meets Meets Partial Meets 
 
End of Year One Survey: Emerging Knowledge for Supporting Students to Analyze the 
Data to Reveal Patterns and Relationships 
 After the Children as Sensemakers I class, interns experienced the rest of the first year of 
the program, including two literacy methods courses, a Social Students Methods Course, and a 
second Children as Sensemakers Course situated in mathematics, as well as other coursework 
and fieldwork. At the end of that year, they took a survey that explored their science knowledge 
for teaching, including a question about challenges that elementary students might have in 
analyzing data. This end of year one survey suggested that, typically, the cohort of interns had 
knowledge about supporting students in making and using representations to analyze data. As 
seen in Table 4-2, most interns were able to name challenges that elementary students may face 
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in constructing a graph and analyzing data when shown data collected by a class. More than 
95% of the challenges named focused on the complexity of selecting a representation, 
constructing the representation, using multiple data sources, and reading or interpreting the 
representation. The interns named ways to help students with these challenges, including 
teaching moves such as modeling how to interpret a graph or providing supports to scaffold 
students in the work.  
Table 4-2: Common Types of Responses to the Question: “Name Two Challenges That Upper 
Elementary Students May Face in Constructing a Graph and Analyzing the Data.” 
Type Percent of 
responses 
Examples 
Constructing the 
graph (including 
labeling the axes; an 
appropriate scale) 
58% x Upper elementary students may face the challenge of 
drawing the scale on the graphs incorrectly, which 
would lead them to incorrectly analyze the data. 
[Response 27] 
 
Using multiple sets 
of data on the same 
representation 
15% x They may not know that when using bar graphs, they 
should put the two things they are comparing (larva and 
pupa) together for the same category (average depth). 
[Response 74] 
 
Deciding on a 
representation 
9% x Students might struggle trying to decide which type of 
graph to use. They might not know that the different 
types of graphs serve different purposes. [Response 96] 
 
Reading/interpreting 
the representation 
13% x Reading the graph correctly to analyze the data. 
[Response 93] 
 
Other 5% x Fine motor skills may skew or distort the data. 
[Response 37] 
x Understanding measurements; the use of standard 
versus metric. [Response 6] 
 
 
 Table 4-3 lists the common types of teaching moves that interns listed to help students 
with the challenges. As seen in the table, modeling how and providing an explanation were the 
most common moves that interns named. Interns named between 1 and 3 moves, with an 
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average of 1.5 moves (standard deviation = 0.6) named per response. This end of year one 
survey suggests that interns were aware of challenges that students might have in analyzing 
data, and that they could describe moves to support students in this work. However, most 
interns named teaching moves focused on teacher explanation or modeling for students; these 
moves might cause an intern to do the intellectual work for students rather than allowing 
students to do the work themselves. This seems to be related to the challenges that interns had 
during the Children as Sensemakers Course, where interns did aspects of the intellectual work.  
Table 4-3: Common Type of Responses to the Question: “How would you help students with 
the two challenges in constructing a graph and analyzing data that you named?”  
Category Percent of 
responses 
Example 
Model how for 
the students  
52% For constructing a graph, I might model how to do this 
first and then send students to work individually on 
their own graphs. [Response 40] 
 
Explain how 40% Discuss what the independent variable and dependent 
variable mean. [Response 30] 
 
Add an 
additional mini-
lesson 
10% We would have a mini lesson about how to create 
graphs. I would explain the important steps (such as 
choosing a graph type, determining which data to put on 
each axis, labeling) and show an example. [Response 
31] 
 
Scaffolding 
experiences 
10% Providing a range of experiences in creating graphs 
would be helpful, with scaffolding and a guided release 
of responsibility. [Response 2] 
 
Pre-assessment Planning and Standardized Student Enactment: A Range in Supporting 
Students to Analyze the Data  
 After the first year of the program, interns returned in the fall for their second year and 
took their Science Methods Course. They completed a pre-assessment for this course in the first 
month of the second year in the program. On this assessment, the  cohort’s  plans  for  and  
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enactments of supporting a student to analyze the data to reveal patterns and relationships 
showed  a  range  of  teaching  practice  and  knowledge.  In  both  the  plans  and  enactments,  interns’  
work  ranged  from  “does  not  meet  expectations”  to  “exceeds  expectations,”  suggesting  the  
variation and the potential that interns had for this work.  
 Pre-assessment lesson plans. The pre-assessment plans of the entire cohort showed a 
range of quality for supporting students to analyze the data to reveal a pattern or relationship. 
All 54 interns completed this pre-assessment focused on the concept of conservation of mass, 
where a student is investigating that the mass of the solution is equal to the mass of the parts of 
the solution. The original plan did not include a representation that would facilitate finding the 
pattern in the data (e.g., a chart that shows the mass of the parts is equal to the mass of the 
solution). Thus, interns would need to plan for an additional representation to support students 
to see this pattern. On the pre-assessment,  43%  of  the  interns’  lesson  plans  “met  or  exceeded  
expectations”  for  supporting  students  in  analyzing the data,  39%  “partially  met  expectations,”  
and  14%  of  the  plans  “did  not  meet  expectations.”  Pre-assessments  that  “did  not  meet  
expectations”  tended  to  propose telling students the pattern, or they did not plan for analyzing 
the data to reveal a pattern or relationship at  all.  Common  struggles  that  led  to  “partially  
meeting  expectations”  included  not  planning for students to use a representation when one 
would be needed or using a confusing representation. For example, Intern 19 planned to have 
the student list the weight of only the solution but not the materials that made up the solution; 
this would not help the student see the pattern that the mass of the solution was equal to the 
mass of the materials. Another confusing representation included negative numbers, which 
could be difficult for an upper-elementary student to comprehend. Forty-three percent of interns 
did plan for supporting students to analyze the data to reveal a pattern or relationship through a 
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clear representation such as a new chart, graph, or diagram. A few pre-assessments (18%) 
planned for students to identify patterns by using all of the data collected. These findings 
suggest that most interns were able to plan for students to analyze the data to reveal a pattern 
using a representation, yet the majority of the interns did not have a clear, complete plan for 
doing this work.  
 Despite their struggles in planning for finding the pattern, 94% of the pre-assessment 
plans included having students discuss the data from the investigation, suggesting that interns 
recognized the importance of supporting students to do the intellectual work involved in an 
investigation. In addition, just over half (53%) of the interns planned for helping students 
identify where the salt goes in the investigation, an implicit aspect of this phenomenon that is 
key to understanding the big idea of conservation of mass in the lesson. For example, Intern 
10’s  work  included  the  question to the student, “Where  does  the  salt  go?”  as well as plans for 
the  answer  “dissolves/mixes,  but  adds  weight”  [PreA_10b]. This question explicitly addresses 
the common misconception that the salt disappears. Addressing this misconception would 
facilitate a student to identify the pattern that the weight of the materials equals the weight of 
the solution. Seventy percent of the interns also planned to ask follow-up questions to students 
to clarify or explicate their thinking, such as, “How  much  more?”  [PreA_20b],  “Which  ones?”  
[PreA_43b],  or  “Why do you think so?”  [PreA_46b]. These follow-up questions would enable a 
teacher to find out more about how the students were thinking about analyzing the data. 
  Pre-assessment enactments. As seen with the plans for the pre-assessment, which 
were characterized across all 54 interns, the five focal interns showed a range of enactments of 
these plans with a standardized student (i.e., an adult acting as a student). As seen in Table 4-4, 
the quality of supporting students to analyze the data to reveal patterns and relationships in the 
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enactments  ranged  from  “does  not  meet  expectations”  to  “exceeds  expectations.”  This  variation  
was seen in the representations used, in how the interns supported students to do the intellectual 
work of discussing the data from the investigation, and in how the interns made explicit implicit 
features of the representation.  
Table 4-4: Teaching Moves Used and Quality for Supporting Students to Analyze the Data to 
Reveal Patterns and Relationships during the Pre-assessment Standardized Student Enactment 
 Ms. 
Kelly 
Ms. 
Atkin 
Mr. 
Cruise 
Ms. 
Michaels 
Ms. 
Schuster 
Creates an additional representation 
to show the pattern 
 
X X X X X 
Amount of data considered 
 
Portion Portion All Portion Portion 
Makes explicit implicit features of 
the representation  
 
More 
than one 
Only 
one 
More 
than one 
More 
than one 
More 
than one 
Discusses the data in the 
investigation and connection to 
representations 
 
By 
teacher 
By 
student 
By 
student 
By 
teacher 
By 
student 
Supports the child(ren) to analyze 
and interpret the data 
 
 X X X X 
Probes student thinking  
 
X X X X X 
Does not do the intellectual work 
involved in analyzing and 
interpreting the data 
 
 X X  X 
Does not ask leading question that 
provides the reasoning  
 
X  X X X 
Quality in terms of the expectation Does not 
meet 
Partial Exceeds Meets Meets 
  
 Each of the five focal interns created an additional representation in their interaction 
with the standardized student to reveal a pattern, yet the representations used during the 
enactment ranged in quality. For example, Ms. Schuster created a representation on an 
   
 107 
additional sheet to show that the amount of salt remained the same in the water and in the cup 
(see Figure 4-1). Ms. Kelly used a representation to show that the mass of materials before and 
after the investigation was the same by adding additional information on the data sheets. The 
representations used by Ms. Michaels and Mr. Cruise were similar to those used by Ms. Kelly 
and Ms. Schuster. Unlike the other focal interns, Ms. Atkin used negative numbers to reveal this 
pattern, using a representation that might be confusing for an elementary student 
[A_PreAssess]. Although all of the interns created these additional representations, often the 
representations represented only a portion of the data collected in the investigation. Ms. Atkin’s, 
Ms. Schuster’s, Ms. Kelly’s,  and  Ms.  Michaels’  representations  considered  only  one  group’s  
data. However, Mr. Cruise used a representation that considered all of the data from all of the 
groups. Using all of the data might provide the opportunity for the student to see that the pattern 
of conservation of mass is consistent throughout the investigation and better illustrates how 
scientists use multiple trials in experiments. 
Figure 4-1: Ms. Schuster's Representation for Revealing a Pattern in the Data 
 All of the focal interns worked to make implicit aspects of the representations or 
investigation more explicit, as seen in Table 4-4. For example, Ms. Atkin used the data to make 
it clear that the weight of the salt moved from one cup to another. She asked, “Seeing that this 
   
 108 
[before mixing mass] decreased by fifteen [grams] and this [after mixing mass] increased by 
fifteen [grams],  what  do  you  think  happened?” [A_PreAssess]. This question highlighted how 
the mass of the salt remained the same in the investigation. Mr. Cruise, Ms. Schuster, and Ms. 
Michaels also made this implicit part of the investigation clear, yet Ms. Kelly did not. Mr. 
Cruise, Ms. Schuster, Ms. Michaels, and Ms. Kelly went on to explicitly mention other implicit 
aspects,  but  Ms.  Atkin  did  not.  For  example,  Ms.  Michaels  reminded  the  students  that  “the  
weight  includes  the  cup,”  an  implicit  part  of  the  data  collected for the investigation 
[M_PreAssess]. Four of the five interns (Ms. Schuster, Ms. Michaels, Ms. Kelly, and Mr. 
Cruise) made multiple implicit aspects of the investigation more explicit, whereas Ms. Atkin did 
this work for only one aspect.  
 Four of the five interns tended to support students to do the intellectual work of 
analyzing the data, whereas Ms. Kelly did this work for the student. Ms. Atkin and Ms. Schuster 
had the student calculate the differences between the masses collected in the investigation. 
Likewise, after modeling how to complete a chart, Mr. Cruise had the students complete the 
data  table  for  the  final  two  groups,  saying,  “Let’s  do  that  addition” [C_PreAssess] However, 
Ms. Kelly did the addition and subtraction work for the student in her enactment, and Ms. 
Michaels had the student do the math but wrote and drew the representation for the student she 
worked with. Ms. Atkin, Ms. Schuster, Mr. Cruise, and Ms. Michaels supported the students to 
name  the  pattern  for  themselves.  For  example,  Mr.  Cruise  asked,  “Do you see any similarity 
between  [the  numbers]?”  and  pushed  the  student to identify the pattern that the numbers are the 
same, marking conservation in the mass [C_PreAssess]. However, Ms. Kelly did this work for 
the student, saying, “We still counted the same amount of materials as before, but we just mixed 
them  together”  [K_PreAssess].  
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 Ms. Michaels did some aspects of the intellectual work for the student by interpreting 
the  students’  calculation  of  the  weights  of  the  solution  and  the  materials  that  made  up  the  
solution. Ms. Atkin also asked a leading question that included the interpretation of the pattern 
when  the  students  finished  the  calculation,  asking,  “Does  the  weight  of  the  salt  stay  with  the  
water?”  [A_PreAssess].  Ms.  Atkin  did  not  give  the  student  an  opportunity  to  make  sense  of  this  
interpretation after asking the leading question. Mr. Cruise, however, continued to push the 
student to do this type of work throughout the interaction, resulting in a student’s stating,  “It 
looks  like  some  of  the  salt  was  added”  to  describe  the  conservation  of  mass  in  the  investigation 
[C_PreAssess]. 
 All five focal interns used questions to follow up on what the student said about the 
patterns  they  saw  in  the  data.  Ms.  Kelly  asked  about  the  student’s  prediction  with  “Tell me a 
little  bit  about  how  you  thought  it  would  be  100g”  [K_PreAssess]. Ms. Michaels followed up on 
a student statement that the weight was less by asking, “Why  do  you  think  it  was  less?”  
[M_PreAssess]. These probes would allow the teacher to find out more about what the students 
are thinking about the data and the patterns they saw, as well as to push the students to think 
more deeply about the phenomenon.  
 In sum, the interns showed a range of quality in their practice for supporting students to 
analyze the data to reveal patterns and relationships in the pre-assessment at the start of their 
second year in the program. This range was seen in the lesson plans of all 54 interns from the 
cohort, as well as in the enactments of the five focal interns. Variation existed in the type of 
representations used, in making explicit implicit elements of the investigation and 
representations, and in the opportunity to do the intellectual work. The interns showed strength 
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in their planning for follow-up  questions  and  probing  students’  thinking  about  the  patterns  
during their enactments.  
Summary of Supporting Students to Analyze the Data to Reveal Patterns and 
Relationships before Science Methods 
 During the first year in their program, the cohort of interns showed an ability to support 
and probe student thinking about the patterns observed about a phenomenon by using 
representations. In their first month, the focal interns did this work through their Children as 
Sensemakers I Course. In their interactions with elementary students in this course, the interns 
supported the child to make connections between representations, and to use these 
representations to make sense of the phenomenon of what causes day and night. In the end of 
the year one survey,  the  interns  were  also  able  to  describe  students’  strengths  and  challenges  in 
using representations in analyzing data to reveal patterns and relationships and making sense of 
a phenomenon. However, variation existed in interns' planning for elementary students to 
analyze the data to reveal patterns and relationships in their pre-assessment for the Science 
Methods Course. This variation also arose in the five focal interns' enactments of these plans 
with a standardized student. 
Science Methods Course: Strengths in Supporting Students to Analyze the Data to Reveal 
Patterns and Relationships 
 During  the  science  methods  class,  the  interns’  practice  and  knowledge  for  supporting  
elementary students seemed to build on their early strengths. In the assignments for the Science 
Methods Course,  the  interns’  practice  showed  several  areas  of  strength  such as developing 
useful representations of the data with students, probing student thinking about the patterns, and 
supporting students to do the intellectual work involved in analyzing and interpreting the data. 
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However, variation still existed among the interns in the quality of their knowledge and practice 
during the methods course.  
Peer Teaching: Improving in Their Practice and Knowledge for Supporting Students to 
Analyze the Data 
 In their lesson plans for and enactment of their Peer Teaching lessons, the interns 
showed several areas of strength in supporting students to analyze the data to reveal patterns 
and relationships1. These strengths included co-constructing representations to show patterns in 
the data, working to make explicit implicit parts of multiple representations, and supporting 
students to do the intellectual work. In addition, the interns typically used all of the data 
collected to find the pattern, and they probed student thinking. These strengths are not 
unexpected given the amount of support that the interns were given. For example, in planning 
their lesson, the interns co-planned with at least two other interns in the class. Moreover, in their 
enactments, the interns could stop the lesson themselves (because they were teaching colleagues 
acting as “children”  rather  than  children)  to  adjust  a  teaching  move.  In  addition,  a  teacher  
educator might provide support to an intern who was struggling during their enactment. Despite 
this support, variation still existed among the interns' work, including in the representations they 
used and the degree to which they did aspects of the intellectual work for the students.  
 Peer Teaching Lesson Plans. In their  lesson  plans,  more  than  75%  of  the  cohort  “met  
or  exceeded  expectations”  in  terms  of  their quality of support for students to analyze the data to 
reveal patterns and relationships.  A  few  plans  (8%)  “did  not  meet  expectations”; these plans did 
                                                 
1 The Stems Peer Teaching lesson focused on structure-function relationships in biology 
(explored using celery stems) and the Energy Peer Teaching lesson focused on energy transfer 
and thermodynamics (explored using containers of hot and cold water) (see Table 3-4 for more 
information). 
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not require the students to do the intellectual work or did not plan to analyze the data to reveal 
patterns and relationships. Other plans (17%)  “partially  met  expectations.”  These plans often 
did not include using a representation to support the students in analyzing the data; instead, the 
teacher and students would only discuss the patterns verbally. For example, to analyze the data 
to  answer  the  question,  “How  does  water  travel  from  the  roots  to  the  leaves  in  celery?”  Intern 35 
planned only these four questions:  “What  happened  to  your  group’s  celery?  Did  that  happen  to  
everyone’s  celery?  Are  we  noticing  a  trend  in  our  experiment?  What  is  it?”  [PT_35]. Without 
additional  support  or  a  representation,  Intern  35’s  questions  may  not  provide  all  students  with  
the opportunity to see the patterns in the observations that students made of their celery before 
and after placing them in the red water. In contrast, the interns who “met  or  exceeded  
expectations”  planned  representations  that  would  facilitate  students  to  see  these  differences.  For  
example, Intern 33 planned to create two T-charts to show these differences: 
 Teacher will: 
x  Make two t-charts on a large piece of poster paper. (One t-chart for the clear water 
experiment and one t-chart for the dyed water experiment) 
x Ask students to share their observations of the celery before the experiment using the 
clear water. 
x Ask students to share their observations of the celery after the experiment using the 
clear water.  
Students will: 
x Point out patterns in the observations between the two experiments [PT_33].  
 
These T-charts would make the patterns in the  students’  observations more easily recognized 
than could be done by simply discussing the patterns aloud.  
 Although  some  interns  struggled  to  “meet  expectations,”  42%  of  the  interns’  plans  
“exceeded  expectations”  in  terms  of  quality  of  supporting  students to analyze the data. These 
interns tended to plan for supporting students to notice implicit features of the representations, 
for highlighting patterns in the data, and for discussing anomalous data. Fifty-seven percent of 
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the interns planned to highlight implicit features of the representations they used. For example, 
interns planned to highlight the labels of axes on the graph with questions such as, “What  
should the y-axis of our line graph be? The x-axis?”  [PT_8]. Other interns planned to discuss 
explicitly how a representation showed particular trends. For example, 
What do you notice about the lines on my graph? (The lines leveled off or got close to 
leveling off.) What does this mean? (It means that the containers of water reached the 
same temperature.)”  [PT_29].  
Interns  also  planned  to  make  more  explicit  the  patterns  in  the  data.  Intern  33  planned  to  “circle  
the  notable  changes  to  the  celery  that  occurred  due  to  the  experiment  (use  multiple  colors)”  to  
underscore the patterns seen on the T-charts described above [PT_33].  
 Several  interns  also  “exceeded  expectations”  by  planning  to  discuss  the  possible  
anomalous data that might arise in the investigation and how these data are common in 
investigations.  Intern  41’s  plan  to  discuss  the  anomalous  data that arose is an example of this:  
Sometimes scientists make mistakes when they are conducting experiments. This means 
it is really important to conduct the experiment more than once. That is why I had 
several groups conduct this experiment, so that we can have multiple sets of data to look 
at. This also means that scientists need to be aware of possible errors that they made 
during their experiment that could have skewed their data. [PT_41] 
Other interns also planned to discuss anomalous data, possible sources of error, and the 
importance of replicating an investigation in science.  
 In addition to their strengths in terms of using representations to analyze the data, the 
interns planned to support students to do the intellectual work involved in analyzing and 
interpreting the data and to ask open-ended questions. One intern planned to do the intellectual 
work for the students, whereas  the  other  47  interns’  lesson  plans2 included questions that would 
support students to name the patterns themselves. Similarly, 96% of the interns planned to ask 
                                                 
2 Only  48  of  interns’  peer  teaching  lesson  plans  were  complete  and  turned  in  for  this  
assignment.  
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open-ended questions. Examples of open-ended questions that would support students to name 
the patterns included, “What  patterns  do  you  notice  in  the  data  on  the  board?  What  is  the  same  
in  all  of  them?”  (E_PT_Explain) and “What  does  this  mean?”  [PT_3]. Despite the plans to ask 
open-ended questions, most interns did not plan follow-up questions that elicited more student 
thinking. Only 21% of the lesson plans included questions that probed student thinking, such as 
“Do  you  agree/disagree  with  student  X?  Why?  What  other  thoughts  do  you  have?”  [PT_6]. It is 
possible that interns may already know how to use follow-up questions in the moment and 
therefore did not include them in their plans.  
 Peer Teaching Enactment. As seen in the Peer Teaching lesson plans from the entire 
cohort of 54 interns, the focal interns also showed strengths in supporting students to analyze 
the data to reveal patterns and relationships during their enactment of the Peer Teaching lesson 
plans (see Table 4-5). All  five  of  the  focal  interns’  enactments were  determined  to  “meet  or  
exceed  expectations”  in  terms  of  the  quality  of  their  support  for  analyzing the data. Two interns, 
Ms.  Atkin  and  Mr.  Cruise,  “exceeded  expectations.”    
   
 115 
 
Table 4-5: Teaching Moves Used and Quality for Supporting Students to Analyze the Data to 
Reveal Patterns and Relationships during Peer Teaching Enactments 
  
 In their enactment, each of the five focal interns created an additional representation 
that would support students to analyze the data to reveal a pattern. Ms. Kelly, Ms. Atkin, and 
Ms. Michaels taught a lesson on stems where they created a chart to summarize the patterns in 
student thinking. For example, for her stems lesson, Ms. Kelly used a chart such as the one in 
Figure 4-2 and  worked  with  the  “students”  (colleagues  in  the  class)  to  add information from 
their observations. Mr. Cruise and Ms. Schuster, teaching the energy lesson, supported their 
 Ms. 
Kelly 
Ms. 
Atkin 
Mr. 
Cruise 
Ms. 
Michaels 
Ms. 
Schuster 
Creates an additional representation 
to show the pattern 
 
X X X X X 
Amount of data considered 
 
All All All All All 
Makes explicit implicit features of 
the representation  
 
More 
than one 
More 
than one 
More 
than one 
More 
than one 
More 
than one 
Discusses the data in the 
investigation and connection to 
representation 
 
By 
student 
By 
student 
By 
student 
By 
student 
By 
student 
Supports the child(ren) to analyze 
and interpret the data 
 
X X X X X 
Probes student thinking  
 
X X X X X 
Does not do the intellectual work 
involved in analyzing and 
interpreting the data 
 
X X X  X 
Does not ask leading question that 
provides the reasoning  
 
X X X X X 
Quality in terms of the expectation Meets Exceeds Exceeds Meets Meets 
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students to create line graphs from their data tables and used the line graphs to discuss trends in 
the data such as in Figure 4-3. Each of these representations included all of the relevant data 
collected in the investigation.  
 Red Water  Clear Water 
Before   
After   
Figure 4-2: Table That Ms. Kelly Created with Students to Analyze the Data during Peer 
Teaching 
Figure 4-3: Representations That Mr. Cruise Used to Support Students to Analyze the Data to 
Reveal Patterns and Relationships 
 
 When using representations, all five focal interns made implicit aspects of the 
representation more explicit in order to support students to see the patterns. For example, Ms. 
Schuster  called  attention  to  the  title  and  axes  of  the  graph  and  underscored  the  “two  different  
colored  lines”  that  represented  the  two  different  containers  in  the investigation [S_PeerTeach]. 
Mr. Cruise’s work to support students to understand the features of the graph was similar. Ms. 
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Kelly,  Ms.  Michaels,  and  Ms.  Atkin  made  connections  to  the  students’  observations  to  analyze 
the data to reveal patterns. In addition, Ms. Kelly and Ms. Atkin also circled trends that 
occurred on the charts that they created.  
 All five of the focal interns also supported students to do the intellectual work of 
analyzing and interpreting the data. For example, in an investigation of the purpose of a stem in 
transporting water, Ms. Atkin pointed out some of the changes that occurred when the stems 
were placed in the water. Then she asked the students, “Is  there  another  … difference that you 
can  see?”  [A_PeerTeach].  This  question  facilitated the students to discuss changes that occurred 
in  order  to  answer  the  investigation  question.  Likewise,  after  listing  some  of  the  students’  
observations in a chart on the board during a similar investigation, Ms. Michaels asked, “What 
are you noticing?”  [M_PeerTeach].  The  students  then  discussed  changes  they  saw  after  the  
celery was placed in the water. However, Ms. Michaels did some of the intellectual work for the 
students  by  summarizing  the  reasoning  for  why  the  class’s  predictions  were  accurate,  rather 
than giving students the opportunity to do this work. At other times, Ms. Michaels supported the 
students to share the reasoning.  
 The interns also probed student thinking, usually using open-ended questions. For 
example, when a student described that the scale seemed different on two graphs, Mr. Cruise 
asked,  “What  do  you  mean  by  your  scale?  Can  you  help  us  review  that?”  [C_PeerTeach].  
Another  example  is  Ms.  Atkin’s  question, “What  do  you  mean  by  that?”  [A_PeerTeach].   
 Peer Teaching Summary. In summary,  the  interns’  Peer  Teaching  lesson  plans  and  
enactments of the plans showed several strengths for supporting students to analyze the data to 
reveal patterns and relationships. Interns typically created an additional representation to 
facilitate finding the pattern and to support students in seeing implicit features of the 
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representation or phenomenon. The interns also asked open-ended questions that would 
facilitate students to share thinking about the pattern or investigation.  
Reflective Teaching: The Challenge of Interacting with a Classroom of Students 
 In their Reflective Teaching assignments, interns had moderate success in supporting 
elementary students in their placement classrooms to analyze the data to reveal patterns and 
relationships. Both the lesson plans of the entire cohort and enactments of the five focal interns 
had a greater range of quality. Despite early success in creating representations to reveal 
patterns in the data during the Peer Teaching assignment, only some interns did this work on 
their Reflective Teaching assignment. However, interns more regularly supported students to do 
the intellectual work in the lesson. The struggles seen in the Reflective Teaching assignment are 
not surprising given that interns now faced the challenges of teaching an entire lesson to a 
whole class of elementary children. In addition, interns were required to select and adapt a 
lesson plan on their own rather than being provided a lesson plan that would facilitate 
investigation-based science.   
 Reflective Teaching Lesson Plans. On their Reflective Teaching Lesson Plans, the 
entire cohort of interns showed a greater range of quality for supporting students to analyze the 
data to reveal patterns and relationships than they did in their Peer Teaching Plans. Moreover, 
fewer  interns  “met  expectations”  than  they did in the Peer Teaching assignment. 
 Fifteen  percent  of  interns’  Reflective  Teaching  plans  did  “not  meet  expectations”  for  
supporting students to analyze the data to reveal patterns and relationships. Interns who did not 
meet expectations either planned to tell students the pattern or did not plan to analyze the data to 
reveal a pattern. For example, Intern 50 planned to tell students the basic survival needs of 
living things rather than using the investigation designed to support students to name these 
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ideas. More  than  a  third  (38%)  of  interns’  plans  received  a  “partially  meets  expectations”  for  
their  Reflective  Teaching  plans.  The  most  common  reason  for  receiving  a  “partially  meets  
expectations”  was  not  planning  for  creating  a  representation  to  facilitate revealing a pattern. For 
example,  Intern  47  asked  the  investigation  question,  “How do different cross sections [of a tree] 
differ  from  one  tree  to  another?”  and  planned  to  “ask  questions  to  compare the growth pattern of 
trees.”  However,  this  intern did not plan to use a chart to keep track of the observations 
[RT_47].  
 In  contrast,  46%  of  interns’  plans  either  “met”  or  “exceeded  expectations”  in  terms  of  
quality of support for analyzing the data. These plans used representations that would support 
students to analyze the data to reveal patterns and relationships or understand implicit aspects of 
the  phenomenon.  Intern  24  planned  to  “make  [a]  chart  on  the  board  with  one  column  labeled  
fossils and the  other  present  day  objects”  to  support  students  to  see  patterns  to  answer  the  
investigation question, “How  do  fossil[s]  compare  to  present  day  objects”  [RT_24].  Intern  24’s  
chart would give students opportunities to see and keep track of the patterns in the data. Six 
percent  of  the  interns  “exceeded  expectations”  for  the  quality  of  supporting  students  in  
analyzing the data. These interns planned to use representations to help students see patterns 
and had several questions that would support students to think about the patterns and discuss 
their ideas with one another.  
 The  interns’  lesson  plans  for  Reflective  Teaching  tended  to  show  strengths  and  
challenges similar to those in their Peer Teaching plans. Forty-one percent of the interns 
planned to make implicit features of the representations more explicit; this is compared with 
57% of the Peer Teaching plans. For example, Intern 27 highlighted the implicit information 
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regarding measurement to her students who were considering a table in their investigation of 
nutrition in cereals:  
Take a look at the serving size row of the table. What does that mean? Especially that 
number of servings row, what is that? (Describe how one serving size is the same for all 
of them, but that is the number of ¾ cups in the whole box.) [RT_27].  
This discussion might support students to understand how to interpret the table they had created 
to analyze the data.  
 The interns also showed strengths in preparing students to do the intellectual work of 
discussing the pattern. Only one intern (2% of the group) planned to give students the answer 
rather than supporting students to analyze and interpret the data themselves. The interns also 
tended to plan open-ended questions that would support student thinking; 95% of the plans 
included open-ended  questions  such  as  “How were these models similar or different to the 
models  we  made  in  class?”  [RT_11] and  “What  are  some  of  [the]  similarities  you  saw  between  
the  mushrooms?”  [RT_51]. Thirty-six percent of the interns planned to ask probing questions to 
follow up  on  student  thinking  with  questions  such  as  “Why  or  why  not?”  [RT_52] or  “How  do  
you  know?”  [RT_34]. These types of questions were similar to those used in Peer Teaching, yet 
more interns planned to probe thinking in their Reflective Teaching plans than their Peer 
Teaching plans. 
 Reflective Teaching Enactment. As in the lesson plans for the entire cohort, the five 
focal interns also showed moderate success in supporting students to analyze the data to reveal 
patterns and relationships during their Reflective Teaching enactments. Ms. Atkin, Mr. Cruise, 
and  Ms.  Schuster  “met  expectations”  in  the  quality  of  support, and Ms. Kelly and Ms. Atkin 
“partially  met  expectations”  in  the  quality  of  support  for  analyzing the data (see Table 4-6). 
Each of the interns supported students to analyze and interpret the data, yet the explicitness of 
this work and clarity of the representations varied between interns.  
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Table 4-6: Teaching Moves Used and Quality for Supporting Students to Analyze the Data to 
Reveal Patterns and Relationships during Reflective Teaching Enactments 
 
 During their Reflective Teaching lessons, four of the five focal interns used a 
representation of patterns in the data to support the construction of evidence-based claims; 
however, variation existed in the creation and completeness of the representations. Two of the 
interns (Mr. Cruise and Ms. Michaels) used teacher-created representations, whereas two other 
interns (Ms. Atkin and Ms. Schuster) used representations created by the students. Although 
Ms. Kelly did not make a representation to support students to see a pattern, the class did 
discuss all of the data collected during the investigation. For example, Mr. Cruise drew a food 
 Ms. 
Kelly 
Ms. 
Atkin 
Mr. 
Cruise 
Ms. 
Michaels 
Ms. 
Schuster 
Creates an additional representation 
to show the pattern 
 
 X X X X 
Amount of data considered 
 
All All All Some All 
Makes explicit implicit features of 
the representation  
 
None More 
than one 
More 
than one 
One One 
Discusses the data in the 
investigation and connection to 
representation 
 
By 
student  
By 
student 
By 
student 
By 
student 
By 
student 
Supports the child(ren) to analyze 
and interpret the data 
 
X X X X X 
Probes student thinking  
 
 X X X  
Does not do the intellectual work 
involved in analyzing and 
interpreting the data 
 
 X X X X 
Does not ask leading question that 
provides the reasoning  
 
X X X X X 
Quality in terms of the expectation Partial Meets Meets Partial Meets 
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web in the front of the class with input from students[C_RT], whereas  in  Ms.  Atkin’s  class,  
groups of students created graphs of their individual data from the investigation [A_RT]. 
Although most  of  the  interns’  representations  included  all  of  the  data  from  the  class’s  
investigation,  Ms.  Michaels’  representation  missed  portions  of  the  data,  resulting  in  a  confusing  
representation.  The  class  was  investigating  “What happens to a leaf in water when you put 
pennies  on  top?”  During  the  wrap-up discussion, Ms. Michaels created a tally of the number of 
pennies  used  to  sink  the  students’  leaves,  but her table did not have information on the weight 
and volume of the leaves despite students’  having collected these data [M_RT_image1]. This 
missing information may have contributed to the  class’s  struggle  to  identify  a  scientifically  
accurate, evidence-based claim.  
 The interns who created representations also highlighted implicit features of the 
representations that they used. Ms. Michaels pointed out the range of numbers in the data table 
the class had created and  facilitated  students  to  consider  what  this  means,  asking,  “Why are 
there  so  many  different  numbers?”  [M_RT].  Ms.  Schuster  reminded  students  of  the  importance  
of using the same units throughout their data table. Ms. Atkin and Mr. Cruise highlighted 
multiple implicit features of their representations. For example, Ms. Atkin highlighted the axes 
of  the  bar  graph  and  how  each  of  the  “initial”  bars  on  their  graph  would  be  20  because  “we  all  
started  with  20  beads”  [A_RT].  
  All of the five focal interns supported the students to do the intellectual work involved 
in identifying patterns. Ms. Schuster supported students to make comparisons from their data 
table,  asking,  “Looking  at  our  table,  which  cereal  gives  us  the  most  calories?”  [S_RT].  This  
enabled students to describe the cereal that had the most calories, an important pattern in 
allowing the students to answer the investigation question, “What  cereal  is  the  healthiest?”  
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Similarly, Ms. Kelly asked students to summarize what occurred in their investigation of 
evaporating water. Mr. Cruise asked, “Looking  at  this  figure  [of  the  interaction  web  the  class  
had created],  what  is  the  pattern  that  you  notice?”  This  question  supported  a  student  to  describe  
that  “it  goes  over  and  over  again,”  noticing  the  cycling  of  nutrients  in an ecosystem [C_RT]. 
Ms. Atkin and Ms. Michaels made similar moves that pushed students to think about their 
investigation and the data they collected, and to notice patterns. Ms. Atkin, Ms. Michaels, and 
Mr. Cruise also followed up on student thinking with additional probing questions such as 
“What  else?”  [C_RT] and  “What  happened  with  yours?”  [M_RT].  
 Although all of the focal interns supported students to do the intellectual work, Ms. 
Kelly did aspects of the intellectual work in analyzing and interpreting the data. For example, 
Ms. Kelly asked, “Where  is  the  steam  now?”  when  students  were  investigating  evaporation,  yet  
she answered this question herself, saying,  “It  became  water  vapor”  [K_RT]. Throughout 
discussion,  Ms.  Kelly  did  the  work  of  interpreting  the  data  from  the  students’  observations  of  
water evaporating from paper and from a boiling kettle. The other interns did not do the 
intellectual work for the students. None of the interns asked leading questions that provided the 
reasoning. 
 Reflective Teaching Summary. In summary, on their Reflective Teaching assignments, 
most interns had moderate success in supporting students to analyze the data. Most interns 
received  a  score  of  “partially  meets expectations”  or  “meets  expectations”  on  their  written  
plans, and the five focal interns all received these scores on their enactments. Most interns 
supported students to analyze the data to reveal patterns and relationships in their lesson, and 
the most common struggle was planning a clear, accurate representation to support students in 
analyzing data to reveal patterns and relationships.  
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Post-assessment at the End of Science Methods: Showing Growth in Planning to Support 
Students to Analyze the Data to Reveal Patterns and Relationships 
 Since the post-assessment included the same requirements as the pre-assessment, direct 
comparison between the two time points seems reasonable. As seen in Figure 4-4, a greater 
proportion  of  interns’  plans  “met” or “exceeded expectations” on the post-assessment. 
Compared with the  42%  of  interns  who  “met”  or  “exceeded  expectation”  on  the  pre-assessment, 
67%  of  the  interns’  plans  had this quality on the post-assessment. As in the pre-assessment, 
approximately  a  third  of  the  plans  “partially  met”  expectations;;  these  tended  to  plan  to  discuss  
the pattern or relationship without the support of a representation, or to use a confusing 
representation. Only  one  intern’s  plan  (2%)  “did  not  meet  expectations”  on  the  post-assessment 
compared with 14% on the pre-assessment. This plan included telling students the pattern in the 
data rather than supporting students to do the work of analyzing the data to reveal a pattern or 
relationship.  
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Figure 4-4: Graph of Quality of Supporting Students to Analyze the Data on the Pre-assessment 
and Post-assessment 
 
 Like the pre-assessment, the post-assessments also showed other areas of strength for 
supporting students to analyze the data to reveal patterns and relationships. On the post-
assessment, 96% of the interns planned to have students discuss the data, a percentage similar to 
the 94% of the interns who planned to do so on the pre-assessment. Almost all of the interns 
(96%) also planned to ask follow-up questions on the post-assessment; however, less than half 
(44%) planned to help students identify where the salt goes, an implicit aspect of the 
investigation. In summary,  the  interns’  plans  showed  growth  in  the  quality  of  their  support  for  
analyzing the data to reveal patterns and relationships from the pre-assessment to the post-
assessment. The interns also showed similar strengths and challenges in planning for analyzing 
the data across both assessments.  
Summary of Supporting Students to Analyze the Data to Reveal Patterns and 
Relationships during Science Methods 
 During the Science Methods Course, most interns showed growth in supporting students 
to analyze the data to reveal patterns and relationships after their investigations. For example, 
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across the assignments, the interns typically planned for students to name a pattern in the data 
and to share their thinking. In addition, the interns’  plans  for  supporting  students  to  analyze the 
data to reveal patterns and relationships increased in quality from the pre-assessment to the 
post-assessment. The lesson plans and enactments for Peer Teaching were particularly strong in 
using representations to make sense of the data. However, on the Reflective Teaching 
Assignment,  the  interns  less  frequently  planned  to  use  representations  to  support  students’  
sense-making.  
After Science Methods: Challenges in Supporting a Classroom of Learners  
 After the Science Methods Course, the focal interns continued to show moderate 
strength in their support for analyzing data to reveal patterns and relationships, yet variation still 
existed, especially during student teaching. In the end of the year standardized-student 
enactment, the interns showed great strength in their ability to support students to analyze and 
interpret the data; this was similar to the strengths shown during Peer Teaching.  
Student Teaching: Typically Facilitating Students to Analyze the Data to Reveal Patterns 
and Relationships  
 During student teaching, only four of the five focal interns, Ms. Atkin, Mr. Cruise, Ms. 
Kelly, and Ms. Michaels, had an opportunity to teach science; Ms. Schuster taught other 
subjects during her student teaching. The  four  focal  interns  who  taught  science  typically  “met”  
or  “exceeded  expectations”  for  quality  of  support  for  analyzing the data to reveal patterns and 
relationship (see Table 4-7). Eight of the 11 investigations taught by the focal interns reached 
this standard. Moreover, each of the four focal interns enacted at least one investigation that 
“met  expectations.”  This  suggests  that  each  intern  showed  variation  for  supporting  students  to  
analyze the data to reveal patterns and relationships among their lessons during student 
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teaching.  This  variation  is  also  seen  in  the  many  strengths  of  the  interns’  support  during  student  
teaching and the struggles they faced.  
Table 4-7: Teaching Moves Used and Quality for Supporting Students to Analyze the Data to 
Reveal Patterns and Relationships during Student Teaching 
 
 During their student teaching, the interns typically used an additional representation to 
support students to reveal a pattern in the data. This occurred in 7 of the 11 lessons. For 
example, Ms. Kelly used a chart to record student findings about forces, and Ms. Atkins had 
students generate their own diagrams of complete circuits [K_Field2; A_Field2]. However, 
sometimes the interns did not create a representation when one would be needed. For example, 
Mr. Cruise had student groups share their findings about how their water filter was able to filter 
out particular pollutants (e.g., soap, toothpaste), yet he did not record these findings [C_Field4]. 
Intern Ms. Kelly Ms. 
Atkin 
Mr. Cruise Ms. 
Michaels 
Investigation 1 2 3 1 2 1 2 3 4 1 2 
Creates an additional representation 
to show the pattern 
 X  X X X X X  X  
All data considered  X X X X X X X X X X 
Makes explicit implicit features of 
the representation or phenomenon 
X   X X  X     
Student discusses the data in the 
investigation and connection to 
representation 
 X X X X X X X X X X 
Supports the child(ren) to analyze 
and interpret the data 
 
 X  X X X X X  X X 
Probes student thinking  
 
X    X  X X X X X 
Does not do the intellectual work 
involved in analyzing and 
interpreting the data 
 
 X      X   X 
Does not ask leading questions that 
provides the reasoning  
 
X X X X X X X X X X X 
Meets or exceeds expectations  X  X X X X X  X  
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A public chart of these findings would have supported students to make claims about the quality 
of the filter, since  each  group  had  a  different  material  and  did  not  know  other  students’  results.   
 Although the interns sometimes created representations to support students to find the 
patterns, they infrequently (only in 4 of the 11 investigations) made implicit features of these 
representations or the phenomena explicit. Ms. Kelly and Ms. Atkin both did so, Ms. Kelly 
through helping students label their diagrams and Ms. Atkin through explicating the category 
labels on a chart [K_Field1; A_Field1].  
 Interns typically supported students to do the work of discussing all of the data in 
connection to the representation. All investigations involved considering all of the data 
collected  in  the  discussion,  and  only  Ms.  Kelly’s  first  investigation  did  not  have  students  discuss  
the data from the investigation. In this investigation, students collected data about seeds, but the 
class did not discuss the data collected at the end of the investigation [K_Field1].  Ms.  Michaels’  
first investigation is an example of a lesson where students discussed all of the data collected in 
the investigation. During this investigation of the five senses, the kindergarten students shared 
their  observations  of  the  popcorn,  making  comments  such  as  “it  tastes  like  nothing”  and  “I  
heard  popping  and  a  big  noise”  [M_Field1]. Ms. Michaels wrote these comments on a chart as 
she asked students where their comments belonged. This chart and discussion supported 
students to see the commonalities and differences between the senses – a pattern in the 
investigation. Other interns did similar work to support students to discuss the data collected in 
the investigation and to connect it to the representation created as a class to analyze the data to 
reveal patterns and relationships. 
 In addition to supporting students to discuss the data from the investigation, the interns 
typically supported students to do the intellectual work of finding the patterns in the data. Eight 
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out of the 11 investigations involved students doing this work. For example, in his third lesson, 
Mr. Cruise discussed with his students the common pollutants that they found around the 
school, using a chart to keep track of the patterns. Mr. Cruise often pushed his students to 
decide which categories certain pollutants belonged in, or whether certain items were pollution; 
the following interaction is an example of the latter: 
 Teacher: Another example [of a pollutant]? 
 Student 1: Birdseed 
 Teacher:  We  found  something  that  might  fall  in  the  other  category….  might  birdseed be 
 considered pollution? 
  Student 2:  It  could  be  either.  You  don’t  really  have  to  put  it  outside…   
 Teacher:  Can  you  add  on… 
 Student 3: We found an apple core is like birdseed. 
 Teacher: …  Both  of  them decompose.  I  don’t  know  if  I  would  consider  them  pollutants.   
 Student 4: …  Would  it  be  pollution  if  someone  dumped  a  whole  lot  of  birdseed  in  the  
 river?  [C_Field4p3]. 
 
In this interaction, multiple students and the intern weigh in about the birdseed as an example of 
a pollutant and how to make sense of the data that the students collected in their investigations. 
Other interns also supported their students to organize the data or identify the pattern they saw 
in the data. In contrast, in three of the investigations, students did not do the intellectual work. 
For  example,  in  Mr.  Cruise’s  Investigation  4,  he  does  the  work  of  analyzing and interpreting the 
data to identify the pattern for the students. During this lesson, he made the connections across 
the students’  data  about  whether  the  filter  worked,  saying, “This kind of filter might not work so 
well”  [C_Field4]. In doing this work, Mr. Cruise did not give students the opportunity to 
compare the data collected across the different pollutants to reveal patterns. Ms. Kelly did 
similar work for her students in two of the lessons.  
 Although the interns usually supported their students to do the intellectual work, in 8 of 
the 11 investigations, the interns did aspects of the intellectual work for the students during the 
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lesson. Doing the intellectual work typically occurred for a short period of time, and then, the 
students would be allowed to do the rest of the intellectual work of analyzing the data to reveal 
patterns and relationships. For example, rather than asking students if they thought their 
predictions were correct on the basis of their observations, Ms. Atkin told the students, “You 
were right,”  and  she discussed the reasons based on what the students saw [A_Field2]. She did 
not allow the students to do the comparison work themselves or think about the comparisons 
that she made. Other interns did similar amounts of the intellectual work, yet sometimes they 
analyzed the data for the students, thinking as Mr. Cruise did in Investigation 4. 
 The interns often asked follow-up questions during the lessons. In 7 of the 11 
investigations, the interns followed up with probing questions, such as, “Why do you think it 
was  about  the  same?”  [A_Field4] or  “what  did  it  sound  like?”  [M_Field2]. In 6 of the 11 
investigations, the interns asked open-ended questions similar to the ones listed, to follow up on 
student thinking  
 In summary,  the  interns’  support  for  analyzing the data during student teaching showed 
several areas of strength. They typically used a representation to support students to analyze and 
interpret the data and facilitated students to discuss the data and do the intellectual work of 
analyzing and interpreting the data. The interns often asked follow-up questions during the 
lessons. However, interns sometimes did the intellectual work for the students. Moreover, the 
quality of the support varied across lessons for the same intern.  
End of Year Two: Standardized Student Interactions Show Areas of Growth  
 Because of scheduling constraints, only three of the five focal interns enacted an end of 
the year standardized student enactment using the same protocol as the pre-assessment. These 
enactments suggested that these three interns had grown over the course of the second year in 
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terms of supporting students to analyze the data to reveal a pattern or relationship. Comparing 
the enactments of facilitating a standardized student to reach the same learning goal with the 
same data at the beginning of Year Two during the pre-assessment enactments, Ms. Kelly and 
Ms.  Atkin  improved  on  their  quality  from  “does  not  meet”  and  “partially  met”  expectations  to  
“exceeded  expectations” and  “met  expectations,”  respectively.  Ms.  Schuster’s  quality  of  support  
remained  at  “met  expectations”  for  both  the  pre-assessment enactment and end of the year 
enactment. This suggests that all three interns showed several strengths in the subpractice of 
supporting students to analyze the data to reveal patterns and relationships during this 
interaction.  
 All three interns created an additional representation to show a pattern (see Table 4-8). 
They created similar charts to help the students notice a trend in the data (i.e., that the weight of 
the materials used to make the solution is equal to the weight of the solution). To highlight the 
pattern, these charts clearly listed the weight of the materials used to make up the solution and 
the  weight  of  the  solution.  Ms.  Kelly’s  chart  included  all  three  groups’  data  [K_SSEndofYear],  
whereas Ms. Schuster and Ms. Atkin used charts that included a portion of the data 
[S_SSEndofYear; A_SSEndofYear].  
  
   
 132 
Table 4-8: Teaching Moves Used and Quality for Supporting Students to Analyze the Data to 
Reveal Patterns and Relationships during the End of the Year Standardized Student Enactment 
 
 The interns also worked to make explicit implicit features of the representations or 
phenomenon. For example, Ms. Schuster asked, “Why do you think they included the cup [in 
the  weight]?”  and  supported  the  standardized student to think about why the student might need 
to consider the weight of the cup in the final measurements. She also showed these differences 
on the representation [S_SSEndofYear]. Ms. Kelly and Ms. Atkin did similar work to make this 
implicit aspect of the investigation and representation of the investigation more explicit. 
Similarly, Ms. Schuster pushed the standardized student to notice the implicit aspect of the 
phenomenon  that  is  made  more  explicit  using  the  representation  as  she  asked,  “Just because we 
can’t  see  [the  salt],  does  it  mean  that  it  is  not  there?”  [S_SSEndofYear]. Ms. Kelly also 
supported the standardized student to understand this implicit aspect of the phenomenon. 
 Ms. 
Kelly 
Ms. 
Atkin 
Ms. 
Schuster 
Creates an additional representation to show the pattern 
 
X X X 
Amount of data considered 
 
All Some Some 
Makes explicit implicit features of the representation or 
phenomenon 
 
X X X 
Discusses the data in the investigation and connection to 
representation 
 
X X X 
Supports the child(ren) to analyze and interpret the data 
 
X X X 
Probes student thinking  
 
X X X 
Does not do the intellectual work involved in analyzing and 
interpreting the data 
 
X  X 
Does not ask leading question that provides the reasoning  
 
X  X 
Quality of support Exceeds Meets Meets 
   
 133 
 All three of the interns supported the standardized student to discuss the data in the 
investigation, and to do the intellectual work of finding and naming the pattern. For example, 
Ms.  Atkin  asked  the  student  to  “walk  me  through  the  investigation,”  facilitating  the  student  to  
talk through aspects of the data that was collected. Later in the lesson, Ms. Atkin asked the 
student to calculate the changes in the weight of materials before and after the investigation. 
Ms. Atkin then supported the student to name the pattern in the data: “Do you see a similarity in 
the  data?” After  the  student  responded  that  the  numbers  are  the  same,  she  asked,  “What 
changed?”  [A_SSEndofYear]. This pushed the student to name that the salt moved from one 
cup to another, but the weight of the salt and the other materials stayed the same. Ms. Kelly and 
Ms. Schuster also supported the standardized student to describe the data collected and name 
the pattern in the data. 
 Although the interns supported the standardized student to do most of the intellectual 
work involved in analyzing data to reveal patterns and relationships, Ms. Atkin, at times, did the 
intellectual work for the student. Before the student had discussed the pattern that the weight of 
the salt was added to the weight of the water, Ms. Atkin did the interpretation of the data for the 
student with a leading question: “Did you notice that the weight of the salt was added to the 
weight  of  the  water?”  [A_SSEndofYear]. The way this question was framed required a 
particular  “yes”  response  whether  or  not  the  student  was  able  to  see  this  pattern  in  her  data. Ms. 
Atkin did not require the student to explain further how this interpretation of the data can be 
seen through analyzing the representation, limiting the intellectual work that the student was 
able to do. In contrast, Ms. Schuster and Ms. Kelly did not do the intellectual work for their 
students.  
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 All three interns also followed up on student thinking during their interaction by asking 
probing  questions.  An  example  of  this  is  Ms.  Schuster’s  question,  “How  do  you  think  a  solution  
and  a  mixture  is  different?”  after  the  student  defined  the  two  terms  on  the basis of prior 
knowledge [S_SSEndofYear]. The interns asked other, similar probing questions that would 
make  the  student’s  thinking  visible  during  the  interaction. 
 In summary, these three interns showed several strengths during the end of the year 
standardized student enactments. They used representations to support students to analyze the 
data to reveal patterns and relationships. Although Ms. Atkin did aspects of the intellectual 
work for the student, the interns usually supported the students to analyze and interpret the data 
and share their thinking. These interactions showed growth compared with similar interactions 
during the pre-assessment before the Science Methods Course.  
I turn next to a depiction of how the interns' performances changed over time. 
Change over Time in Supporting Students to Analyze the Data to Reveal Patterns and 
Relationships 
 The interns grew in their ability to support students to analyze the data to reveal patterns 
and relationships over their two years in the program. They built from a strong foundation from 
the Children as Sensemakers 1 course. However, they varied in their planning for and enactment 
of this practice. In addition, interns seemed to provide or plan for stronger support for students 
during the Science Methods Course. In this section, I summarize changes that occurred in the 
lesson plans and enactments in terms of supporting children to analyze the data to reveal 
patterns and relationships over the two years.  
 
Change over Time in Lesson Plans 
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 I had access to four sets of lesson plans from the entire cohort from the second year of 
the program: the pre-assessment from the beginning of the semester, Peer Teaching from the 
Science Methods Course, Reflective Teaching from the Science Methods Course, and the post-
assessment at the middle of the second year. Figure 4-5 suggests that interns had the greatest 
success during their Peer Teaching, whereas they struggled more with writing their lesson plans 
for the Reflective Teaching Assignment. However, they were able to show growth on the post-
assessment plans. From the pre-assessment to Peer Teaching, the lesson plans seemed to show 
growth in quality, with a more than 30% increase in the percentage of  interns’  plans  that  “met”  
or  “exceeded  expectations”  (see Figure 4-5). However, this proportion decreased in the 
Reflective Teaching assignment (45%), but it increased again in the post-assessment (67%). The 
proportions  of  interns  who  did  “not  meet  expectations”  decreased overall.  
 Figure 4-5: Graph of the Percentage of Quality of Lesson Plans for Supporting Students to 
Analyze the Data to Reveal Patterns and Relationships 
 
  Common strengths and variations existed across the plans (see Table 4-9). For example, 
in all four sets of lesson plans, more than 90% of interns planned to support students to analyze 
and interpret the data. Approximately half the interns planned to make particular implicit 
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features of the representation or phenomena more explicit for each assignment. There was a 
decrease in the proportion of interns who planned probing questions for the Peer Teaching and 
Reflective Teaching assignments; this may result from the nature of the assignments themselves 
rather than being a signal that interns would not do this work when teaching students.  
Table 4-9: Percentage of Interns Who Planned for Particular Moves for Supporting Students to 
Analyze the Data 
Lesson Plan 
Assignment 
Pre-assessment Peer Teaching Reflective 
Teaching 
Post-
assessment 
Students discuss 
the data 
 
94% 98% 98% 96% 
Make implicit 
features explicit 
 
53% 57% 41% 44% 
Probing questions 70% 21% 36% 96% 
 
 In summary, the interns showed potential for supporting students to analyze the data to 
reveal patterns and relationships in their pre-assessment Lesson Plans. They showed the greatest 
strength in this subpractice in the Peer Teaching assignment, where they had high levels of 
support, including co-writing the plan with colleagues and facilitation from instructors of the 
course. Interns showed the greatest struggle in their Reflective Teaching assignment, where they 
faced the challenges of planning an entire lesson for a classroom of elementary students. On the 
post-assessment at the middle of the second year, interns showed growth from the pre-
assessment, suggesting potential for being able to plan to support students to analyze the data on 
their own.  
Change over Time in Enactments 
 The  focal  interns’  enactments  also  showed  strengths  and  struggles  throughout  the  two  
years of the  program.  The  interns  tended  to  “meet”  or  “exceed  expectations”  in  terms  of  quality  
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of their support (see Table 4-10). The interns showed strength in this subpractice during their 
first month in the program, with most of the interns meeting expectations. At this point in the 
program, the interns were given a protocol that would facilitate their ability to do this work. The 
focal interns showed the most variation during the pre-assessment enactment and their student 
teaching  lessons,  with  quality  ranging  from  “does  not  meet”  to  “exceeds  expectations.”  The  
variation in the pre-assessment is similar to the variation seen in the lesson plans of the entire 
group. Also, as seen with the lesson plans of the entire group, the focal interns showed the 
greatest strength during the Peer Teaching enactments. During these enactments, all of the focal 
interns exceeded or met expectations in terms of quality of support for analyzing data to reveal 
patterns and relationships. A similar success was seen for the three focal interns who enacted 
the end of the year standardized student enactment, with all three meeting or exceeding 
expectations.  
Table 4-10: Quality of Support for Analyzing Data to Reveal Patterns and Relationships Seen in 
Enactments over Time 
 Children as 
Sensemakers 
Pre-
assessment 
Peer 
Teaching 
Reflective 
Teaching 
Student 
Teaching 
End of 
Year 
Ms. Kelly 
 
3 1 4 2 2 4 
Ms. Atkin 
 
3 2 4 3 3.5 3 
Mr. Cruise 3 4 4 3 3 n/a 
Ms. 
Michaels 
2 3 3 2 2.5 n/a 
Ms. 
Schuster 
3 3 3 3 n/a 3 
Does not meet = 1; partial = 2; meets = 3; exceeds = 4 
 
 The interns tended to create new representations to support students to analyze the data 
to reveal patterns and relationships and make implicit features of the representations more 
explicit throughout the program. The interns also showed the greatest success during the Peer 
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Teaching enactments, and the greatest variation during the pre-assessment enactments (see 
Table 4-10). The focal interns also typically considered all of the data involved in the 
investigation, with the exception of the pre- and post-assessments involving the Standardized 
Student Enactments. This difference may be because of the type of data involved in the 
investigation and the standardized student enactment’s focus on one student rather than on the 
whole class. The interns also tended to support students to discuss the data and to do the 
intellectual work of analyzing and interpreting the data.  
 The interns showed more variation in asking follow-up questions and in consistently 
asking open-ended questions. For example, all of the focal interns asked follow-up questions 
during the Peer Teaching, pre-assessment, and end of the year standardized student enactments, 
but only some interns asked follow-up questions during the Children as Sensemakers I 
interactions and Reflective Teaching assignment. The interns also tended to do aspects of the 
intellectual work of naming the reasoning for interpreting the data for the students. This 
remained a struggle of the focal interns throughout their enactments.  
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Table 4-11: Use of Teaching Moves to Support Students to Analyze the Data to Reveal Patterns and Relationships 
 Children as 
Sensemakers 
Pre-
assessment 
Peer 
Teaching 
Reflective 
Teaching 
Student Teaching End of the Year 
Standardized 
Student 
Creates an additional 
representation to show the 
pattern 
 
n/a XXXXX XXXXX XXXX _ XXXXXXX _ _ _ 
_ 
XXX 
All data considered 
 
n/a X _ _ _ _  XXXXX XXXX _ XXXXXXXXXX _ X _ _  
Makes explicit implicit features 
of the representation  
 
XXXXX XXXXX XXXXX XXXX _ XXXX _ _ _ _ _ _ 
_ 
XXX 
Supports students to discuss the 
data in the investigation and 
connection to represent 
 
n/a XXX _ _ XXXXX XXXXX XXXXXXXXXX _ XXX 
Supports the child(ren) to 
analyze and interpret the data 
 
XXXX _ XXXX _ XXXXX XXXXX XXXXXXXX_ _ _ XXX 
Probes student thinking  
 
XXXX _  XXXXX XXXXX XXX _ _ XXXXXXX_ _ _ _ XXX 
Does not do the intellectual 
work involved in analyzing and 
interpreting the data 
 
XX _ _ _  X _ _ _ _  XX _ _ _ XX _ _ _  XXX_ _ _ _ _ _ _ XX_ 
Does not ask leading question 
that provides the reasoning  
 
_ _ _ _ _  X _ _ _ _  XX _ _ _  XX _ _ _  XXXXXXXXXXX XX _ 
X= intern used this move; _= intern did not use this move.
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Conclusion 
 This chapter described the quality and teaching moves used by the interns for the 
subpractice of supporting students to analyze the data to reveal patterns and relationships. The 
chapter discussed the strengths and struggles that the interns had in supporting students to 
analyze the data and share their thinking at several time points in the program. In addition to 
several common strengths and struggles, variation seemed to exist across interns in the cohort at 
the time points. The chapter ends by looking at  the  change  in  the  interns’  practice  over  time.  The  
interns showed variability but seemed to show the greatest quality of support during their Peer 
Teaching. Chapter 5 focuses on the second subpractice, supporting students to make a claim 
justified by evidence  and  reasoning,  and  it  includes  a  similar  discussion  of  the  interns’  strengths,  
struggles, and growth over time.  
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CHAPTER 5 
SUPPORTING ELEMENTARY CHILDREN TO MAKE CLAIMS 
JUSTIFIED BY EVIDENCE AND REASONING 
 This chapter considers how the interns’ ability in the subpractice of supporting 
elementary children to make claims justified by evidence and reasoning changed over the two 
years in the program. The subpractice of supporting elementary children to make claims justified 
by evidence and reasoning includes supporting students to make a claim and justify this claim in 
a logical structure. The children drew on the patterns in the data from their investigation to 
construct their claims.  
 Compared with their support for analyzing data to reveal patterns and relationships, the 
interns struggled more with this subpractice. In addition, their knowledge and ability showed 
greater variation across interns and in each intern’s teaching, yet some interns also showed areas 
of growth in this subpractice over the course of the two years, particularly in the quality of 
support they provided students. The interns showed the most success in this subpractice during 
the Science Methods Course, particularly in the highly supported Peer Teaching. Throughout the 
program, the interns typically supported children to make claims, yet seemed to struggle more in 
supporting children to use a logical structure for their claims.  
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 In this chapter, as in the  previous  one,  I  consider  the  interns’  planning  and  teaching  
moves for this subpractice at three time points: (1) before the Science Methods Course, (2) 
during the Science Methods Course, and (3) after the Science Methods Course. After this 
chronological depiction, I summarize growth, strengths, and struggles the interns faced in 
supporting students to make claims justified by evidence and reasoning.  
Before Science Methods: Beginning to Support Students to Make Claims 
 During the first year in the program, the interns showed their knowledge and practice for 
supporting students to make claims justified by evidence and reasoning in their Children as 
Sensemakers enactments, end of year one survey, and pre-assessment for the Science Methods 
Course. These representations  of  the  interns’  practice  and  knowledge  suggest  that  interns  had  
strengths (e.g., supporting students to communicate a claim) and challenges (e.g., explicit 
connection between claim and evidence).  
Children as Sensemakers Enactment: Supporting Children to Make Claims  
 After supporting students to describe the pattern that the turning of Earth causes day and 
night during an interactive read-aloud, as described in Chapter 4, the interns returned to the same 
student to find out how the child described day and night. In this interaction, interns supported 
their students in answering the focal question, “What  causes  day  and  night?”  The  interns  also  
worked to have the students share their thinking related to their claims. As in their interactive 
read-aloud with the children, the interns were provided a protocol for investigating student 
thinking. This protocol included having students describe their answer to the investigation 
question through speaking, drawing, and, then, writing. In terms of their support for children to 
make claims justified by evidence and reasoning, the five focal interns used similar teaching 
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moves (see Table 5-1).  All  of  the  five  interns  “partially  met  expectations”  in  terms  of  quality  of  
support for making claims justified by evidence and reasoning.  
Table 5-1: Teaching Moves Used and Quality of Support for Making Claims Justified by 
Evidence and Reasoning during the Children as Sensemakers Enactment 
 Ms. 
Kelly 
Ms. 
Atkin 
Mr. 
Cruise 
Ms. 
Michaels 
Ms. 
Schuster 
Supports the student to make claims 
 
X X X X X 
Uses a structure to construct evidence-based 
claims 
 
     
Uses other scaffolds/tools to support 
construction of claims (sentence stems, etc.)  
 
     
Gives feedback on construction of claims 
 
     
Follows up on an alternative idea that child 
gives 
 
 X   X 
Does not ignore an alternative idea that child 
puts forth 
 
X X X X X 
Does aspects of the intellectual work of 
describing the reasoning 
 
     
Quality of support  Partial Partial Partial Partial Partial 
  
All five focal interns supported the students to state claims that answered the 
investigation question. For example, Ms. Schuster had this interaction with her student: 
 Ms.  Schuster:  Can  you  tell  me  … what makes day and night?  
 Child: The Earth spins.  
 Ms. Schuster: What about the sun? 
 Child: The sun is the bright side, and the moon is the dark side. [S_CaSM_Interview] 
In this interaction, Ms. Schuster supported her student to share his claim about what causes day 
and night and followed up with questions about the  child’s  claim. All five focal interns asked 
questions that would support their students to make claims about what causes day and night.  
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 All five interns also allowed the students to share their alternative ideas about the 
scientific phenomenon, and two interns followed up on the children’s  alternative  ideas.  When  
Ms.  Michaels’s  child  responded  with  the  idea  that  the  sun  moves,  Ms.  Michaels  did  not  tell  the  
student she was wrong but rather asked additional questions: “Does  the  Earth  move?”  and  “How  
does  the  Earth  move?”  [M_CaSMInterview]. In this case, Ms. Michaels allowed her student to 
share her alternative idea and did not simply tell the student she was wrong without finding out 
more  about  the  student’s  thinking.  The  other  four  focal  interns  made  similar  moves  to  understand  
the children’s  thinking.  Moreover,  Ms.  Atkin  and  Ms.  Schuster  took  this  move  further  by  trying  
to  find  out  more  about  the  children’s  alternative  ideas.  For  example,  Ms.  Atkin  asked  her  child  to  
“explain  it  a  little  more”  when  the  child  replied that the people were on the sun and jumped off, a 
possible alternative idea of the child.  
 The interns also showed areas of struggle during their interaction. In particular, all of the 
focal interns performed aspects of describing the reasoning for the student, either through leading 
questions or through explicit statements. For example, Mr. Cruise described what the student 
drew in the picture of day and night rather than allowing the student to explain his reasoning, 
saying,  “The  sun  goes  away”  [C_CaSMInterview].  Ms.  Kelly,  Ms. Michaels, Mr. Cruise, and 
Ms. Atkin made similar comments to the students. 
 A few of the interns asked leading questions that may have caused students to give an 
inaccurate claim. For example, before the students introduced the inaccurate idea that the sun 
moving causes day and night, Ms. Kelly asked, “Where  does  the  sun  go  at  night?  Does  it  move?”  
[K_CaSM_Interview]. How Ms. Kelly asked this question seemed to support the student to make 
an inaccurate claim that the sun moves to cause day and night. Ms. Schuster asked a similar 
question of her student.  
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 In summary, during the Children as Sensemakers I enactments in the first month of the 
program, the interns facilitated students to make claims that answer the investigation question 
but did not often allow the students to share their thinking or justify their claims. The interns 
were  able  to  handle  children’s  alternative  ideas,  and  some  interns  asked  additional  clarifying  
question about the alternative ideas.  
End of Year One Survey: A Range of Knowledge for Supporting Students to Justify Their 
Claims 
 The end of year one survey suggested that some of the interns had knowledge of 
challenges students may face in making claims justified by evidence and reasoning. In response 
to the question, “What challenges would students have in constructing an explanation in response 
to the investigation question?”  approximately  one  half  of  the  responses  identified  challenges  
related to justifying claims with evidence and reasoning acknowledged in the empirical research, 
such as using evidence to support claims, making inferences beyond the data, and explaining 
why (see Table 5-2). Thirty-six percent of the responses discussed challenges children may have 
in using evidence or data in their explanations. For example, response 65 said, “[The students] 
may  find  it  hard  to  pull  multiple  pieces  of  evidence  together  in  a  scientific  explanation”  
[Survey_QE_R65]. However, other interns named challenges that did not seem as related to the 
science practice of constructing evidence-based claims but rather to general struggles students 
have, such as providing detail and using scientific vocabulary.  
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Table 5-2: Interns' Responses to the Question, "What Challenges Might Students Have in 
Constructing an Explanation in Response to the Investigation Question?"  
Type Percent of 
Responses 
Examples 
Using 
evidence/data in 
their 
explanations 
 
36% x They may find it hard to pull multiple pieces of evidence 
together in a scientific explanation [Response 65] 
x They may find it hard to talk about conflicting data 
[Response 11] 
Reading and 
interpreting the 
graph/table/data 
13% x How to read the bar graph [Response 90] 
x The students would misinterpret the data [Response 86] 
x Understanding how to read the labels of the x-/y-axis and 
what the numbers represent (i.e., determining average 
time/depth) [Response 62] 
 
Making 
inferences/assu
mptions about 
the data 
 
12% x They may try to incorporate opinions that are not scientific or 
fact based [Response 57] 
x They might make incorrect assumptions about the data 
[Response 19] 
Being detailed, 
specific in their 
response 
 
12% x Students might not be specific in their explanations 
[Response 91] 
x Using detail to explain results [Response 15] 
Knowing what 
an explanation 
entails or how 
to give an 
explanation 
 
10% x They might not know what a scientific explanation entails 
(Response 41) 
x How to structure a scientific explanation [Response 1] 
Explaining why 8% x They may just write down the facts about what happened and 
not explain why it happened [Response 23] 
x The students might not understand how to explain why the 
organisms had a certain set of results in his scientific 
explanation [Response 45] 
Other 11% x They might have a hard time putting it into words [Response 
93] 
x Using scientific vocabulary [Response 44] 
 
 The end of year one survey also asked the interns to describe strategies they might use to 
support students with the challenges they named. However, compared with the variety of 
challenges named, the interns did not name as many different types of strategies. On average, 
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interns named 1.37 strategies (standard deviation = 0.63). The most common response (38%) 
was to explain or tell students what they may not understand (see Table 5-3). Another 35% of the 
responses suggested modeling how to construct an explanation for students. These two strategies 
have been described as effective in supporting students in this science practice (e.g., McNeill, 
2009); however, using these strategies by themselves may result in the teacher’s doing the 
intellectual work. However, another 18% of responses described tools or scaffolds that interns 
would provide for students, such as a checklist or template, and 12% of the responses discussed 
providing practice or guided practice in constructing explanations. These two strategies are also 
described in the research as potentially effective and could support students to do the intellectual 
work (e.g., McNeill, 2009).  
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Table 5-3: Interns' Responses to the Question, "How Would You Help Students with the 
Challenges They Might Have with Constructing Explanations?"  
Category Percent of 
Responses 
Example 
Explain or 
tell 
38% x Define what a scientific explanation is. (Response 7) 
x 1. Explain that a scientific explanation should answer the 
question being posed. 2. Explain that they should use their data 
directly in their explanation as evidence. (Response 30) 
 
Model for 
the 
students  
35% x I would model numerous scientific explanations along with 
teaching them what they must include in their explanations. 
(Response 51) 
x I would model and coach students through how to write a 
scientific explanation. (Response 29) 
 
Provide 
tools or 
scaffolds 
for the 
students 
18% x I would give the students a checklist of what they should have in 
their scientific explanation, so they can be sure to use evidence 
and they will choose a side that they support (based on the 
experiment). (Response 15) 
x To help the students, we could start with a template that guides 
the student in the correct format. The template could remind 
them to only use evidence from the experiments and to look over 
their work to get rid of opinions/speculation. (Response 41) 
 
Provide 
practice or 
guided 
practice 
12% x Practice creating scientific explanations based on already made 
data charts. (Response 36) 
x We would practice using evidence to support claims as well as 
discuss why we might compare and contrast data. We would 
practice this with other science material. Once I felt that the 
students were secure with this information, I would give them 
this assignment. (Response 6) 
Pre-Assessment for the Science Methods Course: Potential in Eliciting Claims Yet Not 
Supporting Justification of Claims 
 On the pre-assessment for the Science Methods Course, the interns also showed potential 
for  eliciting  students’  claims,  yet  the  interns  often  did  not  plan  for  or  support  students  to  give  a 
structured evidence-based claim with clear justification. In both the written plans of the 54 
interns and the enactments of the five focal interns, interns typically supported students to make 
claims about the investigation without justification. As a reminder, the pre-assessment asked 
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interns to plan for (and, for the focal interns, enact a plan for) supporting a student who struggled 
with the concept of conservation of matter, with the goal of making sense of the data and 
answering the investigation question. The five focal interns enacted their plan with a 
standardized student. (Information on the standardized student protocol is in Chapter 3 and 
Appendix B.) 
 Pre-Assessment Plans of the Entire Cohort. On their plans for pre-assessment, only 
20%  of  interns’  plans  “met  expectations”  for quality of support for making claims justified by 
evidence and reasoning, and none of the interns’  plans  “exceeded  expectations.”  The  plans  that  
“met  expectations”  typically included questions that asked students to answer the investigation 
question  and  connect  it  to  evidence  or  reasoning.  For  example,  Intern  18  planned  to  “repeat  [the]  
original  investigation  question”  and  follow up by asking, “Is  the  salt  still  there?”  [PreA_18]. 
Similarly, Intern 43 planned this set of questions: 
What is a general statement you can make about the weight of solutions and the weight of 
materials used to make [up] the solution? How does this compare to your prediction? 
How would you answer the investigation question now? Based on your data, does the salt 
actually disappear? [PreA_43] 
This set of questions would support a student to answer the investigation question and support 
their claim with justification from their investigation.  
 Forty-three  of  the  interns  “partially  met  expectations.”  Typically,  plans  that  “partially  met  
expectations”  included  support  for  the  child  to  make  a  claim  that  did  not  address  the  
investigation question. These questions often had students make claims about aspects of the data 
rather than bringing together a complete answer to the investigation question. For example, 
Intern 20 planned to ask, “How  much  did  the  salt  weigh  that  we  then  added  to  the  water?”  and  
expected the students’  response from would be  “15  [grams]” [PreA_20]. This question and 
expected claim supports the student to name an invisible part of the investigation that the 
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dissolved  salt  still  has  weight.  However,  the  intern  does  not  use  the  child’s  “new  understanding”  
to answer the investigation question or support it with data from the investigation. Intern 33 
planned similar questions that did not respond to the investigation question and the concept of 
conservation  of  mass:  “What  happens  to  [the]  weight  of  water  when  something  is  added  to  it?  
What can we  conclude?”  [PreA_33].  These  questions  do  not  focus  on  the  investigation  question  
in  the  same  way  as  the  questions  from  the  “meets  expectation”  group.  A  few  plans  from  the  
“partially  meets  expectations”  group  did  not  include  a  connection  between  the  answer to the 
investigation question and the evidence or reasoning. For example, after supporting the student 
to make sense of the data from the investigation, Intern 8 planned to ask, “How  can  we  answer  
the  investigative  question?”  [PreA_8],  but  did  not  plan  to facilitate the student to give evidence 
or reasoning to justify their response.  
 The  final  group  of  plans,  33%,  “did  not  meet  expectations.”  These  plans  typically  had  
two areas of struggle: telling students the answer or expecting an inaccurate claim for the 
investigation.  In  terms  of  telling  students  the  answer,  Intern  44  planned  to  “explain  that  …  the  
weight  did  not  disappear.  The  salt  may  dissolve,  but  the  weight  is  maintained.”  Another  intern  
wrote, 
First, I would explain to the student that we can see that [the] glass [of] water has weight 
that is 100g. Then, I would tell the student that the salt weights 10g. We know that the 
salt weighs even though it may dissolve, we are still adding the weight of the salt to the 
water [PreA_13].  
Both of these plans include the teacher telling the student the answer to the investigation 
question rather than facilitating the student to do the intellectual work of constructing the 
evidence-based claim. 
 Interns also sometimes planned for facilitating students to make inaccurate or confusing 
claims. For example, inaccurate claims included “the  weight  of  a  solution  increases  by  the  
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weight  of  the  materials  used  to  make  up  the  solution,  which  in  this  case,  is  the  salt”  [PreA_29]  
and  “the  weight  of  the  solution  is  less  than the materials used to make up the solution" 
[PreA_19]. These examples suggest that the interns might support the students to make 
inaccurate claims and confuse students.  
 Only  4%  of  interns’  plans  included  additional  follow-up question to facilitate students to 
name the evidence connected to the claims. For example, Intern 11 planned to ask, “How do you 
know?”  [PreA_11]  after  the  student  was  asked  to answer the investigation question. However, 
the interns did not plan to support students through other types of tools or scaffolds for 
construction of claims or to use an explicit structure to construct evidence-based claims.  
 Pre-Assessment Enactment. In the enactment of the pre-assessment with a standardized 
student (e.i.an adult acting in the role of a child), the struggles of the five focal interns to support 
students to make claims justified by evidence and reasoning were similar to those seen in the 
entire  cohort’s  lesson  plans  (see Table 5-4). Four  of  the  five  focal  interns  received  a  “partially  
meets  expectations”  for  the  quality  of  their  support, and one  intern  “did  not  meet  expectations.”   
 The  four  interns  who  “partially  met  expectations,”  Ms.  Kelly,  Ms.  Atkin,  Mr.  Cruise,  and  
Ms. Michaels, supported the students to make a claim about the natural phenomenon, yet these 
claims often did not directly answer the investigation question. For example, at the end of her 
interaction with the standardized student, Ms. Atkin asked, “Does  the  salt  go  into  the  water?”  
Although this question is focused on an implicit aspect of the investigation, it would not, by 
itself, enable the student to answer the investigation question [A_PreAssess]. Mr. Cruise also did 
not  ask  the  student  to  make  a  claim  to  answer  investigation  question.  Instead,  he  asked,  “What  do  
you think  happened  in  the  investigation?”  [C_PreAssess]. Ms. Michaels reviewed the 
investigation question at the beginning of her interaction but did not have the student give an 
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answer after analyzing data to reveal patterns and relationships. At the end of the interaction, Ms. 
Kelly asked the student to answer the investigation question. However, she had told the student 
the answer to this question earlier. In contrast, Ms. Schuster did not support the student to make a 
claim about the investigation, and, thus, her enactment was deemed to "not meet expectations."  
Table 5-4: Teaching Moves Used and Quality of Support for Making Claims Justified by 
Evidence and Reasoning during the Pre-Assessment Standardized Student Enactment 
 Ms. 
Kelly 
Ms. 
Atkin 
Mr. 
Cruise 
Ms. 
Michaels 
Ms. 
Schuster 
Supports the student[s] to make claims 
 
X X X X  
Uses a structure to construct evidence-based 
claims 
 
     
Uses other scaffolds/tools to support construction 
of claims (sentence stems, peers, etc.)  
 
     
Connects  students’  ideas  to  each  other 
 
X     
Gives feedback on construction of claims 
 
     
Follows up on an alternative idea that the child 
gives 
 
X     
Does not ignore an alternative claim that the child 
puts forth 
 
X X X X X 
Supports students to describe evidence  
  
 X X X  
Supports students to describe reasoning 
 
  X   
Does not do the intellectual work of naming the 
evidence for the student 
 
 X X  n/a 
Does not do the intellectual work of naming the 
reasoning for the student 
 
 n/a  X n/a 
Does not tell the student the claim ahead of time X X X  
 
X 
Quality of support Partial Partial Partial Partial Does 
not meet 
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 Although the interns typically supported the standardized student to make a claim, they 
did not typically use other scaffolds or tools to support the construction of the claim or connect 
students’  ideas  to  each  other.  None  of  the  interns  provided  additional supports or tools to 
facilitate the construction of evidence-based  claims.  Only  Ms.  Kelly  connected  students’  ideas  to  
each  other.  She  read  another  student’s  prediction  to  the  student  and  asked  the  student,  “Do you 
agree or disagree with what the  student  said?”  [K_PreAssess]. The other interns did not make 
this type of move. However, this type of move is unexpected in this interaction, because each 
intern was working with only one (standardized) student.  
 Except for Mr. Cruise, the interns did not support the standardized student to describe the 
reasoning and evidence in justification of the claim. Mr. Cruise supported the student to describe 
the reasoning for the claim by asking, “Can we try and say what we learned from these claims 
[the statements about a solution from previous classes] and apply it to this investigation?” 
[C_PreAssess]. The student also provided evidence to support the claim. The other interns did 
not press for this reasoning, yet Ms. Atkin and Ms. Michaels also supported the students to 
provide evidence to support the claim.  
 Ms. Kelly and Ms. Michaels did the intellectual work of connecting evidence to the claim 
for the student. For example, Ms. Kelly stated the evidence and reasoning for the claim that the 
weight stays the same, saying that even though “we  can't  see  the  weight  with  our  eyes,”  the  
weight  of  the  salt  is  still  there.  She  added,  “We  still  counted  the  same  amount  of  materials  as  
before,  but  we  just  mixed  them  together”  [K_PreAssess]. Ms. Michaels told the student the 
reasoning and evidence for the claim for the investigation early on, stating that the salt was still 
there “because  it  dissolves”  [M_PreAssess]. Mr. Cruise also named other aspects of the 
  
   
154 
reasoning for the student. Ms. Atkin and Ms. Schuster did not push for the student to give 
evidence and reasoning, nor did they state the evidence or reasoning themselves.  
 The interns typically acknowledged students’ alternative ideas about the phenomenon, 
yet they did not often follow up on the student’s thinking. For example, early in the enactment, 
Ms.  Atkin  asked,  “Do  you  think  that  the  weight  of  the  salt  was  in  the  water?”  and  the  student  
responded, “I  didn’t  see  [it].”  Later  in  the  interaction,  Ms.  Atkin  returned  to  this  idea, asking, 
“Does the salt go into the water?”  [A_PreAssess]. This  showed  Ms.  Atkin’s  recognition  of  the  
student’s alternative idea. Mr. Cruise, Ms. Schuster, and Ms. Michaels did similar work with 
students’  ideas,  and  Ms.  Kelly  probed  more  about  the  student’s  alternative  idea.  She  asked  the  
child to share, asking, “Tell  me  how  you  predicted  this?”  when  the  child  stated  that  the  salt  
would disappear [K_PreAssess]. This additional probing would enable her to further support the 
child’s  thinking  about  the  accurate  claim  for  the  investigation  question.  
  In summary, the interns tended to plan to support or did support the standardized student 
to make claims about the investigation on their pre-assessment. However, they did not often plan 
to support or did not provide support for students to describe the evidence or reasoning to justify 
the claim. In their enactments, the focal interns typically acknowledged the alternative ideas of 
the student, and one intern probed further about this idea. Yet the interns did not typically plan 
for additional supports for constructing evidence-based claims.  
Summary of Pre-Methods Class: Supporting Students to Make Claims 
 In the first year of the program, the cohort of interns tended to be able to plan for or 
support students to make claims about the phenomenon. However, they tended to provide the 
justification of claims for the students on their lesson plans or in their interactions. On their 
survey, the interns seemed to recognize the importance of justification of claims, yet they did not 
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seem to be able to name teaching moves for supporting students in this work beyond telling or 
explaining. The lesson plans and enactments showed similar struggles in knowing how to 
support students. 
Science Methods Class: Potential in Supporting Students to Construct Evidence-Based 
Claims 
 In contrast to the struggles that interns showed in supporting students to make claims 
justified by evidence and reasoning during their first year, the interns showed great potential 
during the Peer Teaching in their science methods class. However, the interns typically struggled 
to use the potential they showed when they planned for and enacted the Reflective Teaching 
lesson with an entire class of elementary students.  
Peer Teaching: Strengths in Planning for and Enacting Support for Constructing 
Evidence-Based Claims in Logical Structure 
 On  both  their  lesson  plans  and  their  enactments,  the  majority  of  interns  “met”  or  
“exceeded”  expectations  in  terms  of  the  quality  of  support for students to make claims justified 
by evidence and reasoning (See Table 3-4 in Chapter 3 for more information on the lessons). 
Although a few still struggled with doing the intellectual work of justifying claims for the 
students, the interns tended use additional supports for students to make claims and justify these 
claims with evidence and reasoning. 
 Peer Teaching Lesson Plans. On their plans for the Peer Teaching lessons, 75% of the 
interns  “met”  (54%)  or  “exceeded  expectations”  (21%)  in  terms  of  quality  of  support  for  making 
claims justified by evidence and reasoning. These interns typically planned for students to make 
a claim to answer the investigation question and planned to provide supports to answer the claim. 
For example, Intern 40’s plan:  
x Generate a claim from the central question: 
  
   
156 
- What happens when a bag of hot water is placed in a container of cold water? (I 
anticipate that my students will discuss that heat energy from the hot water 
transferred to the cold water until the two water temperatures were even.) 
x Ask students to connect claims to evidence 
- What are your observations? 
- Where do you see the change? How long did it take for you to observe a change in 
the cold water temperature? 
- How do we know that the two waters did not mix? [PT_40] 
 
This plan included teaching moves to ask the students the investigation question and to have 
students explicitly justify their claim with multiple pieces of evidence. The other interns who 
“met”  or  “exceeded  expectations”  planned  to  make  similar  moves.   
 Only  one  plan  (2%  of  the  plans)  “did  not  meet  expectations.” In this plan, the teacher 
planned to state the answer to the investigation question and lecture about the answer: 
What [scientists] discovered is that heat energy is conducted, or transferred, from a 
warmer  object  to  a  colder  object… . This is exactly what happened in our experiment: the 
heat from the warm water transferred to the cold water, warming it up [PT_32].  
Thus, this intern did not plan to support the students to do the intellectual work of constructing a 
claim with evidence or reasoning to support the claim. 
 A  final  group  (23%)  of  the  interns  “partially  met  expectations.” Those  who  “partially  met  
expectations”  typically  had  two  types  struggles:  (1)  the  plan  did  not  explicitly  have  students  
answer the investigation question, or (2) the plan did not explicitly link the claim to the evidence. 
An  example  of  the  first  struggle  is  Intern  10’s  plan.  After  discussing  patterns  in  the  data,  the  
intern  planned  to  “ask some challenging questions that encourage students to think through the 
process of  how  heat  energy  transfers  between  substances”  [PT_10].  This plan seems to skip the 
step of asking the investigation question and explicitly connecting it to the evidence generated in 
the investigation. An example of the second struggle is Intern 44, who planned to ask if other 
students  agreed  with  a  student’s  claim  with  “thumbs  up/down  if  they  agree  with  others,”  but  did 
not ask the students to state why they agreed or what evidence they had [PT_44].  
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 Despite the struggles seen in some  of  the  interns’  plans, the plans typically showed 
strengths for supporting students to make claims justified by evidence and reasoning. Ninety-one 
percent of the interns planned for students to make a claim about the investigation. Seventy-five 
percent of the interns planned to use a structure to support students to make these claims and 
justify them with evidence or reasoning (or both), and 65% of the interns planned to provide 
additional support for constructing these claims. For example, Intern 25 planned to ask students, 
“Since we have this claim, what evidence can we use from our tables to help us support this 
claim so other[s] will believe this is true?”  and,  then,  the intern provided the sentence stem, “I  
think  _____  because  _____”  [PT_25].  In  this  plan,  Intern 25 made it clear that a claim should 
have evidence to justify the claim and made a logical structure for evidence-based claims 
apparent to the student. The sentence stem would also serve as an additional support for this 
structure. In addition to the sentence stem that Intern 25 planned to provide, the interns planned 
to  provide  other  forms  of  support  or  tools  for  justifying  one’s  claims.  Examples  of  these  supports  
or tools are probing question, such  as  “What have we seen or done that makes us think this is the 
answer  to  our  question?” [PT_20], and modeling an initial claim with evidence.  
 Some of the interns included plans for other teaching moves such as supporting students 
to connect their claims to each other (23% of plans). For example, after a student stated a claim, 
Intern 6 planned to ask, 
 Do you agree/disagree with what student X said? Why? Raise your hand and share what 
you think if it is different from student X. Do you agree/disagree with student Y? Why? 
[PT_6].  
This set of questions would facilitate students to build on one another’s thinking. Two of the 
interns planned to have students consider the quality of their claims. For example, Intern 1 
planned  to  “clarify  claims  that  are  not  actually  claims”  and  “have  students  help  pick  the  
important parts”  of  the  claim  and  evidence  “to  synthesize”  [PT_1].  This  move  would  push  the  
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students to more critically consider and analyze their thinking from the investigation.  
 Peer Teaching Enactment. Like the Peer Teaching plans of the entire cohort, the Peer 
Teaching enactments of the five focal interns showed several areas of strength in terms of 
supporting students to make claims justified by evidence and reasoning. In terms of quality, Mr. 
Cruise  and  Ms.  Michaels  “met  expectations,”  Ms.  Kelly  and  Ms.  Schuster  “exceeded 
expectations,”  and  Ms.  Atkin  “partially  met  expectations”  (see Table 5-5).   
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Table 5-5: Teaching Moves Used and Quality of Support for Making Claims Justified by 
Evidence and Reasoning during Peer Teaching 
 Ms. 
Kelly 
Ms. 
Atkin 
Mr. 
Cruise 
Ms. 
Michaels 
Ms. 
Schuster 
Supports the student to make claims 
 
X X X X X 
Uses a logical structure to construct evidence-
based claims 
 
X X X X X 
Uses other scaffolds/tools to support 
construction of claims (sentence stems, peers, 
etc.) 
  
X X X X X 
Connects  students’  ideas  to  each  other 
 
X X X X X 
Explicitly follows up on an alternative idea that 
the child gives 
 
X X X  X 
Does not ignore an alternative claim that the 
child puts forth 
 
X X X X X 
Supports students to describe evidence  
  
X X X X X 
Supports students to describe reasoning 
 
* X X X X 
Does not do the intellectual work of naming the 
evidence for the student 
 
X  X X X 
Does not do the intellectual work of naming the 
reasoning for the student 
 
X X X  X 
Does not tell the student the claim ahead of 
time 
 
X X X X X 
Quality of support Exceeds Partial Meets Meets Exceeds 
*Ms. Kelly ran out of time to finish discussing the reasoning.  
 All five of the focal interns supported students to make claims and used a logical 
structure. They also defined the terms claim and evidence for their students (see Table 5-6). For 
example, Ms. Michaels stated, 
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I want to start thinking about a claim for our investigation question, “How does the water 
travel  from  the  roots  to  the  leaves  of  our  celery?”  Remember, claim is how we are going 
to answer our question. I want you to turn to [your partner] and share with your partner 
how you could answer the question. [M_PeerTeach] 
After  a  few  students  shared  their  claims,  Ms.  Michaels  followed  up  by  saying,  “Now that we 
have our claim, we need to find evidence that backs up  our  claim”  [M_PeerTeaching]. In this 
interaction, Ms. Michaels both introduced the terms claim and evidence and allowed her students 
to share claims with one another and with the class. She also supported her students to use a 
logical structure by writing the claim on the board and writing the evidence directly under the 
claim. The other focal interns used similar teaching moves to support their students to make 
claims justified by evidence and reasoning that were accurate and aligned with the patterns found 
in the investigation. 
Table 5-6: Supports for Constructing Evidence-Based Claims Used during Peer Teaching 
 Ms. Kelly Ms. 
Atkins 
Mr. 
Cruise 
Ms. 
Michaels 
Ms. 
Schuster 
Introduces/defines claim/evidence  
 
X X X X X 
Models how 
 
X     
Gives a worksheet 
 
X X   X 
Checklist for strong claim 
 
     
Sentence stem 
 
X X   X 
Work in pairs 
 
   X  
Gives feedback on claims X   X  
 
 In addition to using a logical structure, the focal interns also used other forms of support 
for making claims justified by evidence and reasoning during Peer Teaching. Ms. Kelly modeled 
how to make a claim and support it with evidence. After writing this claim with evidence on the 
board,  Ms.  Kelly  asked,  “What  was  my  claim?”  and  “What  was  my  evidence?”  [K_PeerTeach].  
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These questions would push students to think about these terms and clarify any questions that 
they might have. Ms. Kelly, Ms. Atkin, and Ms. Schuster also provided their students with 
worksheets to write down their claims. These worksheets had sentence stems to support students 
in writing their claim justified by evidence. For example, Ms. Atkin wrote on the board the 
sentence stem, “I  think  the  stem’s  function  is … because …”  and  told  students  to  write  the  
answer on their worksheet [A_PeerTeach]. Although Ms. Michaels did not have the students 
write down their claims and evidence, she did support her students by having them discuss in 
pairs as described above. This seemed appropriate because Ms. Michaels planned her lesson for 
kindergarten students. Ms. Kelly and Ms. Michaels also provided feedback on the claims and 
evidence that their students constructed. For example, Ms. Michaels commented on the list of 
evidence  her  students  had  discussed,  saying,  “I  think  that  this  is  good  evidence”  [M_PeerTeach]. 
Ms. Kelly pushed her students to clarify their evidence-based  claims,  saying,  “We have to be 
specific  and  go  to  our  data  in  our  experiment”  [M_PeerTeach]. All of these types of supports that 
the interns provided have been discussed in the research as productive in the facilitation of the 
construction of evidence-based claims.  
 All  of  the  focal  interns  also  worked  to  connect  their  students’  ideas  to each other when 
discussing  claims.  For  example,  after  a  student  shared  a  claim,  Ms.  Schuster  asked,  “Does 
anyone  want  to  add  something  to  what  [the  student]  said?”  [S_PeerTeach]. Mr. Cruise 
questioned,  “Do  others  agree?”  [C_PeerTeach],  and  Ms.  Kelly  asked, “Why do you agree with 
that?”  [K_PeerTeach].  These  types  of  questions  supported  the  students  to  make  connections  
across their thinking.  
 All five focal interns also did not ignore alternative ideas provided by the students, and 
four of the five interns (Ms. Kelly, Ms. Atkin, Mr. Cruise, and Ms. Schuster) explicitly followed 
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up on these alternative ideas. Ms. Atkin asked a student who had brought up an alternative idea 
what she thought of  another  student’s accurate statement that contradicted the alternative idea 
[A_PeerTeachExplain].  Ms.  Schuster  also  clarified  a  student’s  alternative  idea  by  rephrasing  the  
student’s statement: “So you think … some of the cold [water] gave some of its energy to the hot 
[water]”  [S_PeerTeach].  These  questions  that  follow up on alternative ideas allowed the interns 
to  clarify  the  mechanisms  involved  in  the  investigations  and  students’  thinking  about  these  
mechanisms.  
 The five interns supported their students to describe verbally the evidence or reasoning 
for the claims that they made, allowing the students to do the intellectual work of justifying the 
claim.  For  instance,  after  a  student  shared  the  evidence  of  “because  it  happens,”  Ms.  Kelly  
pushed further saying, “We need to make the … evidence  more  specific”  [K_PeerTeach]. The 
student then provided more sufficient evidence for the claim. After introducing a new concept to 
his students, Mr. Cruise pushed the students to consider how the scientific concept helps support 
their possible claims, saying, “Now that we know that ….,  can  we  apply  this  to  any  of  our  
claims?”  [C_PeerTeach].  Ms.  Michaels  and  Ms.  Schuster  made  similar  moves  to  facilitate  their  
students to justify their claims with evidence and reasoning.  
 Although the interns typically supported their students to justify their claims with 
evidence and reasoning, Ms. Atkin did aspects of the intellectual work by naming the claim and 
evidence  for  her  students.  In  attempting  to  correct  a  student’s  inaccurate  claim  and  evidence,  she  
stated the claim for her students (“the  tubes  suck  up  most  of  the  water”) and gave the evidence 
  
   
163 
for the claim: “the  tubes  are  red”3 [A_PeerTeach]. Moreover, she did not have students consider 
why this evidence would justify this claim or support students to extend this claim further, 
although the students seemed to have the information to do this work.   
 Summary of Peer Teaching. In summary,  the  interns’  support  for  making claims 
justified by evidence and reasoning during Peer Teaching showed several areas of strength. Most 
interns planned for using a logical structure for evidence-based claims and providing additional 
supports for students to construct a claim justified by evidence. In their enactments of their 
lesson plans, four of the five focal interns used these supports to facilitate their students to do the 
intellectual work of constructing evidence-based claims and discussing the claims with one 
another. These many strengths may have resulted from the great amount of support that interns 
received on this assignment. Despite these strengths during Peer Teaching, a few interns still 
struggled with planning to explicitly support students to answer the investigation question and 
provide evidence for their claims.  
Reflective Teaching: A Range of Support for Constructing Evidence-Based Claims with an 
Entire Class 
 Despite their successes in planning and enacting support for making claims justified by 
evidence and reasoning during  Peer  Teaching,  the  interns’  Reflective  Teaching  lesson  plans  and  
enactment of these lesson plans suggested difficulty in applying their learning to teaching an 
entire class of students. When asked to plan the Reflective Teaching Lesson on their own, the 
                                                 
3 This investigation involved putting red food coloring in the water for the celery. The red food coloring 
moved up the tubes (vascular bundles) in the celery. Thus, the tubes’ being red was evidence that there 
was water in the tubes. See Table 3-4 in Chapter 3 for more information.  
  
   
164 
interns seemed to struggle more than before. However, high variation existed in the quality of 
support for this assignment, with a portion of the interns showing great success in this area.  
 Reflective Teaching Lesson Plans. On their Reflective Teaching lesson plans, the 
interns showed a range of quality. Forty-two  percent  of  the  interns  “met”  or  “exceeded  
expectations”  for  the  quality  of  support;;  15%  “did  not  meet  expectations,”  and  43%  “partially  
met  expectations.”  The  interns  who  “met”  or  “exceeded”  tended  to  plan  for  students  to  make  a  
claim that answers the investigation question and support it with evidence. For example, Intern 
15 planned the following: 
The teacher will remind students of the investigation question.… The teacher will ask 
more  questions  to  push  the  students  toward  using  evidence.  “Why  do  you  think  that?  
What characteristics told you that? What is your evidence?”  [RT_15]. 
This plan required the students to answer the investigation question and give evidence to support 
their  claims.  Fifteen  percent  of  the  interns  “exceeded  expectations”; these interns typically went 
beyond requiring students to state the evidence by having students discuss the mechanism 
involved  (e.g.,  “so  the  next  part,  the  final  part,  is  for  us  to  explain  using  scientific  reasoning” 
[RT_2]), or to evaluate the evidence-based  claims  of  their  classmates  (e.g.,  “What do you think 
about  their  explanation?” [RT_31]).  
 In  contrast,  plans  that  “did  not  meet  expectations”  typically  included  either the teacher’s 
telling the students the claim and evidence or they did not plan for anyone to name a claim. 
Intern 30 planned to tell students the answer to the investigation question “What  makes  a  rock  
different  from  other  materials?” as follows: 
I will go over the ideas that we have come up with and then explain that a rock is a 
natural, solid object made of one or more different minerals. Then I will go through each 
object that was discussed and confirm whether or not it is a rock and why. (RT_30) 
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In this plan, the teacher would do the work of constructing the evidence-based claim for the first-
grade students. Intern 12 did not plan for the investigation question to be answered; rather, she 
planned  to  discuss  “unusual  data”  and  to “explain  again”  the  big  idea  of  the  lesson  [RT_12].   
 The  plans  that  “partially  met  expectations”  typically had one of two challenges: (1) not 
explicitly answering the investigation question or (2) not clearly identifying evidence that 
students could use  to  justify  the  claim.  An  example  of  the  first  challenge  is  Intern  48’s  plan  that  
asked, “Why is a screw considered  to  be  an  inclined  plane?”  but  not  the  investigation  question  of  
“How  are  the  different  slopes  of  an  inclined  plane  related  to  a  screw?”  [RT_48].  An  example  of  
the second challenge is illustrated by Intern 19, who  planned  for  students  to  “turn  and  talk with a 
partner  about  a  possible  claim  you  can  make”  but  did  not  plan  for  students  to  connect  the  
reasoning or evidence from their investigation to justify this claim [RT_19]. However, the plan 
did include discussing the evidence when students found a pattern in the data.  
 Although some of the lesson plans showed struggles, others showed strengths. Ninety-
five percent of the plans included a place for students to make a claim, as Intern 15 did above. 
Sixty-eight percent of the interns planned to provide additional supports for students in 
constructing the evidence-based claim, such  as  modeling  “an  example,  if  needed”  [RT_49] or 
giving a  sentence  starter  “to  show  how  we  are  thinking”  [23_RT]. Thirty-six percent of the plans 
included a logical structure for evidence-based claims. For example, Intern 22 planned to tell the 
first grade students, “We start a claim with ‘I think’  …  and  then  we  always  must  support  claims  
with evidence and you can say ‘I  think  this  because  I  see…’”  [22_RT]. Twenty percent of the 
plans  included  ways  to  facilitate  students  to  connect  their  ideas  to  each  other,  such  as  “Does 
everyone  agree?”  [29_RT]  and  “Do  you  agree/disagree  and  why?”  [21_RT].  
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 Reflective Teaching Enactment. As seen with the lesson plans for the entire cohort, the 
five  focal  interns’  enactment  of  these  plans  showed  a  range  of  quality  for  supporting  students  to  
make claims justified by evidence and reasoning. Ms. Kelly, Mr. Cruise, and Ms. Michaels 
“partially  met  expectations," Ms.  Atkin  “met  expectations,”  and  Ms.  Schuster  “exceeded  
expectations”  (see Table 5-7). Within this range, similarities and differences existed in how the 
focal interns provided supports for making claims justified by evidence and reasoning to students 
in the classroom.  
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Table 5-7: Teaching Moves Used and Quality of Support for Making Claims Justified by 
Evidence and Reasoning during Reflective Teaching Enactment 
*The claim, evidence, and reasoning that Ms. Michaels supported her students to share involved 
non-normative science ideas.  
  
 All five interns supported students to make claims with justification to answer the 
investigation question posed. In each of the classrooms, the evidence-based claims were co-
constructed by the students and intern. Four of the focal interns then had students write 
individual claims as well. For example, in the transcript below, Ms. Atkin had a student share his 
thinking about the data with the whole class to build up to making a claim to answer the 
 Ms. 
Kelly 
Ms. 
Atkin 
Mr. 
Cruise 
Ms. 
Michaels 
Ms. 
Schuster 
Supports the student[s] to make claims 
 
X X X X* X 
Uses a structure to construct evidence-based 
claims 
 
 X  X X 
Uses other scaffolds/tools to support 
construction of claims (sentence stems, peers)  
 
X X X X X 
Connects  students’  ideas to each other 
 
X X X X X 
Follows up on an alternative idea that the child 
gives 
 
X   X  
Does not ignore an alternative idea that the child 
puts forth 
 
X X X X X 
Supports students to describe evidence  
  
X X  X* X 
Supports students to describe reasoning 
 
 X X X* X 
Does not do the intellectual work of naming the 
evidence for the student 
 
 X  X X 
Does not do the intellectual work of naming the 
reasoning for the student 
 
 X X X X 
Does not tell the student the claim ahead of time 
 
X X X X X 
Quality of support Partial Meets Partial Partial Exceeds 
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question, “How  does  the  color  affect  an  organism’s  survival?” She then supported the students to 
write these claims individually by providing a stem sentence.  
 Ms. Atkin: What did you notice that was happening [during the investigation]? 
 Student 1: I noticed that at the yellow station, the yellow beads they were hard to see. At 
 this [purple] station, these [purple] beads were harder… 
 Student 2: and the clear [beads] 
 Student 1: and the clear [beads]. It does matter what the habitat in how they blend into the 
 color. 
 Ms. Atkin: So, I'm hearing her say that the beads that blended in with their background 
 were much harder to see when you pick them up. I want you to …  write  a  claim.... The 
 claim  starts  with  “the  organism  that  is  the  same  color  as  its  habitat  is”  and   you're going 
 to say what happens. Is it more likely [or] is it less likely to survive? [A_RT] 
 The other five interns also supported their students to construct a claim about the 
phenomenon based on the patterns found in the investigation. In four of the five lessons, the co-
constructed  claim  was  accurate  and  complete;;  however,  in  Ms.  Michaels’s  class,  the  claim  was 
confusing. This claim suggested that weight alone caused objects to sink in water; however, 
density rather than weight caused objects to sink. Emphasizing weight alone is inaccurate and 
could result in a common misconception for her students.  
 Through use of the different tools and questions, the interns also supported students to 
justify their claims made about the investigation with evidence and reasoning. Ms. Kelly, Ms. 
Atkin, Ms. Schuster, and Ms. Michaels supported their students to use evidence to justify their 
claims. For example, Ms. Michaels asked her kindergarteners, “How  did  we  know?”  [M_RT].  
This facilitated the students to name data that they collected in their investigation to support their 
claim. Ms. Atkin, Ms. Schuster, Mr. Cruise, and Ms. Michaels supported their students to 
connect their evidence to their claims. In his lesson on the flow of nutrients, Mr. Cruise asked his 
students, “What  have  [we]  shown  here?”  and  allowed  the  students  to  describe  the  cycling  of  
nutrients. This facilitated the students to give their reasoning and to connect the evidence of how 
the organisms interacted in the ecosystem to the claim about the interdependence of living 
